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SOIVin ASPECTS OF SEC'ONOARV SCIENCE EDUCATION* 

O. S Koiiiaki 

'The role of science ami Tecbnolony in Uic progress of a countiy like 

OLiis is bound to bo of the iilmosl si!»nificance People in many lands, iticludinf? our 
own, have conU’ibuLcd (.o Ihe advance of science £ind its suslaincd progiess. A 
fundamental example that immediately comes to one’s mind is that all elementary 
particles in naliu ,• be these elections, pioUins or vvliat not- aie either Fermions 
oi Bosons, those hoiii'i named allci the 141 cat Eniico Fcimi and our ^rcat physicist 
Ptofossoi Salyi'ii liosc of the IJniveisity ol Calcutta, who fiist studied the lelcvant 
()Liantun-i stalisjiis ab<^ut J92‘1 Scienc'^ is a collective activity of mankind, and it 
is Mils which has Jed to its exliMnidmarilv lapid, almost exponential giovvth. Scientilic 
krlOv^■led! 4 e is tloiibhni’ itself in some 1 '> yems. ant! this means that a “normal 
I ntl I vidua'” must nGC.'s*>arily soon ttet out-o'’-date-- m fact, far too much out-of- 
date in iclatiori to his awatencss of the fast ehani*ing woild ai'ound him. We 
cannot lielp this; but vvlnii we must ensure is that the new i*eneration SLudying in 
the schools, colleges and the umveisiiies is taught what is leasonably modern and 
n<it fed on whnt is ol'isolcto So rapid is the pace of progress in scienliPic research 
these davs that, as has boon aptly said, “What is in print is ipso-factv out of dale*' 
Thoic is no lime to pause to considei why in a lelativcly slioii pciiod of time pro¬ 
gress in scic'uco has been so much, and so rapid, as compared to othci Helds of 
humaii cndcavout The basic icason, of coin sc, is that m the Held of science — 

within the confines of the Inboi.iiory the pursuit ol excellence, objectivity and 
intcgiity, and rejection of iiaiiow selfislmess arc much more easy to cultivate than 
in otliei fields, e.g , politics Science encourages co-open cition rather ilian coriipeti- 
non, and its roots lie deep in man’s highest aspiialions and in his noblest motiva¬ 
tions, more spiiitiial than niatciinl. 

Everyone knows that nuclear physics, space exploration and micro - or molecular 
biology ate the most exciting licUls ol cui rent scientific lescarch. It has been said, 
for cxamfile, that man has leaint dming the last ton years more about the essential 
life processes, c.g., nature of genes, jiroloin synthesis and so on, tiian during all the 
piGccdmg centuries. As Weinberg (.SV/V/it'c, 21 July 1961) has leconlly lemarked: 
“The probability of our synthesising living material from non-living before the end 
of the centuiv is of the same older as the probability of our making a successful 
manned round trip to the planets”. Fn both cases the piobabilitlcs are high, pro¬ 
vided the woikl is not plunged into a nuclear war. What our own contribution 


Addicss hv Dr D. S Kolhari, Chaiiman. University Giants Commission at the sixth 
annual conference of the All India Science Teacheis' Association, held at Udaipur on 
Decembei 26, 1961. 
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is likely to be in Lhe Lhings to come, gieal and small, and even oni it* »li/..ition of 
tbe welfare state—would depend prjmaiily on tSe empliusis we pl..ice on education 
and pursuit of knowledge -As J. B Conant (President Emoiitiis of Iltii'N’iiid I Univer¬ 
sity, U.S A ) has recently observed: “The iccoid sliows it is a most diHicult iintlci • 
taking for a people to make a democi atic govci nntenl m e^Tt.•di^’e, siiilili* 
government. TTistory has shown how readily a dcmoctacy may be dost i 1>> 

radicals to the right or to the left. Therefore, T say, the prime i esponsilul 11 v ol 
educators in a democratic nation is to do what they can ensiiie ilu* prcsfi vat mn 
of that foim of government which pioiects the niaximiirn of political, sc>ciiil ami 
cultural freedom.*’ 


The prosperity and strength oP a country these days are diiectly dejiendcnt 
On the level of" scientific and technical knowledge cultivated m the coiinli'.v -..itiiI on 
its capacity to make use of that knowledge to scivc practical emls. I et us note in 
passing that in the contemporary industi lal and pohtiCiil climate, i( is iu>t loo 
difficult for a newly developing country to build (with the a.s.sistancc of indusiiuilK 
advanced countiies) new fertilizer factories, steel pLints, cintl so on; ami ihcs»* l.ikc 
only a couple of years or so to install But to manage and nm the pi.in is cniciciitly 
and to maintain them properly, it requires a large numbei of conijielcilt tcchnu a1 
men. It takes several yoar.s to train such men, and it is no etisy tusk bv tinv nicans. 
It demands a massive and reasonably sound cducnilontil sj'slom in the i.-oiiuliv. A 
very important part of the sysrcni, and specially so in i elation to iiulust i i.il iicvclop- 
ment, is that of secondary education. As Sir Charles Cl. Robcitson has observed 
in his inimitable book (The Bf^ttish UnhiersUtos, p. 2141, Benn’s SixjTcnny I.ihrciry, 
T-ondon, 1930): .if the nineteenth century was to prove up lo the hill <uie s:ilu« 

tary truth it was that without an efficient and progrosslvo svsiem of sccoiulury 
education, efficient and. progressive universities weic impossible*’ 


At a recent conference, the Duke of Edinburgh {Nfituro, August 19. I961l gave 
four basic reasons why every country should oruanixe its technical training as 
efficiently as possible: “Fxrstly, the slandaid of mtcllic'o.nce, competence and w«;>rk- 
manship in industry, commerce and agriculture controls absolulelv the nbilitv of 
any country to hold its own in the highly competitive business c»f international 
trade. Secrondly. even in the least-devclopcd countries, there is growing mechani¬ 
zation m all the public services, such as transport, communications, water, power 
and light. In the more developed countrie.s, mechanization has gone much farther. 
As a result, there is a growing need for technically competent persons capaldc of 
maintaining this increasingly complicated mechanical complex. Ihirdly. technical 
training is essential if individuals are to make the best use of their npiilvules; and 
fourthly is the need for teacher.s, especially in technical subjects. . Xl should be 

obvious that the less developed countries are less developed becau.se the standard 
of technical knowledge is not very high, and the United Kingdom has lhe duty of 
providing more teachers not only for her own expansion but also for the developing 
countries of the Commonwealth.” 
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In this CTonfcii dice we »iro concerned with the place of science in secondary 
ctliicalion. IwCt ns note the oiclei of the nunibera tliat are involved, here. The total 
niirnher of students at school these days is ‘lomc ^14 million - it was some 18 million 
in IP'l-T’. A.t the end of the Third Plan the ntimbct is likely to he 6'> million. The 
number of school-koinj* childien beyond the aih elas.s (that is m the 9Lh, 10th and 11th 
clasho.s) is at. present 3 million. 'This is some 12 per cent of the population m the 
coi responding age group. 3'he iiumliei is expected to rise from 3 ithUiou- to some¬ 
what more than 5 million by the end of the Third Plan. In the U.K. the iiumbci- 
of students, in school in the age group II to 14 is about 2.23 million and in the 
age group 15 to 18 it is about one-thiid of a million. These numbers are considera¬ 
bly less than what we have in India. About 60 yeais ago in the U.IC., the percentage 
of all boi'^s and girls aged l'1 oi 15 who wcic m school was only 4 per cent. In 
the ease of the age of 16 to 17, the ntimbei was only 1 pel cent. It was not until 1918 
that full-time education up to the age of 14 was made compulsory. 

The total expenditure on. education in India is at picscnt of the order of Rs. 
3,500 million pci ye*ii'. Ii was some Rs. 580 million m 1947. (In the U.S.A , in 
iy5’3, the total expondituic on education wa.s SM billion, oi 3.6 pci cent of the 
gioss national juoduct, distributed as follows: Public clcmcntaiy and \sccondai y— 
S9 4 billion, l*riv.ito olomontaiy and sccontlai y««.*!> 1.2 l.iillion. Public higher educa¬ 
tion— *51 5 billion, I’livate highei etiucation — 1.9 billion; the latest for 1961 is 
.some S26 billion. 


SPECIALIZATION A'P SCHOOL 

At the stage of school education, specialization .slnoukl be avoided as fai as 
possible. The bulk of the course should be common to all students. One of the 
seiious defects of the {'n csent higher sccondaiy school system in our count! y is 
that it iccjuires a student hardly 13 years of age, to decide about the subjects he 
would latei take up at the univcr.sity. In othci woids, the choice of occupation 
has to be made when a student has hnidly the ability oi is in a position to make tlic 
choice. It IS now widely recognised that school education should be 
vs'ide in chaiacter and avoid specialization, Foi example, the Science Masters’ 
Association in tlie United Kingdom has reeonlly issued a Policy Statement^ which 
says: “All pupils shcjuld follow a balanced course of science .subjects up to the end 
of their fifth form year. ..'fheic shovild in fact bo no divi.sLon into scieneo .specialists 
and arts specialists until beyond this level, so that specialization in arts or sciences, 
or even a combination of the two, may be available to all pupils of the necessary 
ability when they cntci the sixth form. ..Science should be studied by all pupils in 
the sixth form”. Again, in the IJ.S.S.R,, all students, and not Just those who would 
later take up science, do a considerable amount of mathcinatics and physics. Every 
student in his final year at school (the school course is from the age of 7 to 18) 
covers such topics as atomic structure, aitificial radioactivity, energy released in 
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iiLiclear reactions, cosinic rays, miclear powci staiLons. iis*-' of i iiclituv ti\ t.' iK<>tv»pv's 
in ag.iicultuie and industiy, and so on 5 EducaLion pfOpK* fm 

life and as such they all must do .n good deal of physics, lUnl K , v^. i'»T S. and 

work**. It IS very impoitcint that some special attention tin 'coui ^e t.mtl oflu i 

respects) is given to the talented students, the top 1 per cent oi so of the sttuhni 
population. Xliey consitiite the nation’s most precious iisscl. [ his iiml olSnu h.i .u' 
pi oblems of high school education aic discussed in J.K. ( on.int’s ‘liisitu -iimk ini’* 
study O-f the A.metican high school education a 'must ic.tiiing’ for cN'cry i>nc m* 
terested in school education. 


SCHOOL CURRICUIAJ.M 

A-nother mattei which should leocivc earnest constilera t imi is that of tin* 
modernization of the school oumculiinn.5 Let us take llie exaniplc i^hs'siv.s. In 
the teaching of xihysics fand foi that mattei nny science sulvjectJ sgrc.i! stiess li.is to 
be laid on clarity of picscntatlon, inclusion of atieciuatc, /-.if fit»t orcr-ynj#*-/?, 
mathematics; and encouraging the students lo think and the ruiii.i.uii« ntal 

piinciples to coiici'Gte situations. It nican.s that gieut cIT*-*! i .uid caic me ticccssaiy 
in the selection of competent teachers and this is pariu ulai'ly so vs hen tlcalutg with 
those parts of the subject wlicrc emphasis is on concepis .iiul ulcas as tlislin.. t from 
information, data and facts teaching will genvuuto confusion, an«.t in 

cases may even distort science into .suporsiidon. '1 he Iv.isic is th.it >fiu* (onicm 

of a syllabus must be directly related to the competciu y of ihc uv.iil.ddc fI'vi*. in-rs. 
A first-class syllabus, but without first-class textbooks and oihci isscnti.i! 
aids, would in the hands of third-rate teachers icsuU onI> in cii los ^ini.1 «. oitftision. 
In such circumstances a less ambitious, even iiicdiocie sylUd>U\, vs-ould j.U‘lci better 
results. 

The new science syllabus should emphasise science as a major huni.ifi activity 

-as a means to discovering truth about nature. **As a tiunicin f*u liuiia, it 

(science) is much concerned with basic values and is indeed tin bum.mity, 

and it follows that schools have the duty of preseniim; sv'iencc as p.ii l %»f oui cul¬ 
tural and humanistic heiitage, to be taught in harmony with, not in opposition to. 
the various arts subjects which alone have hitherto been culled h unian itics. 

TEXTBOOKS 

The question of textbooks is the most important and urgvfiit one f«»r i^iii countiy. 
Energetic action, on State and national basi.s, is loquircil lo piogrcss llic picpara- 
tion of high-quality school-textbooks. 

In this task wo can take real help from some of the excellent fcxibuoks that 
have recently been prepared (particularly m the United Stales and Ihc Ll.S.S.R.I, 
for example, the textbook on physics for secondary schooK prepared by the Fhvsi- 
cal Science Study Committee (USA) under a grant from the Maiicinal Science 
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I'ovuidalion and also the Foid Foundation. The Comnntteo consists of a giouip of 
iiniv'cisity and secondaiy school physics tc.achcis incltiding some names intei'na- 
tioiiciUy know'ri for theii' conli ibiition to icsoaich in physics. The school textbook 
ijpait fi'oni the fundamcjiLals <5f classical physn_s al.so dc-»cjjbes in simple huiguagt* 
elementary ideas *iboLit atomic enei gv, wave incchanics and so on. The book opens 
with the statement: “Physics is the iundamcntal science of the Natural W'orld. It 
tells CIS what we know ahont that world, how men nnd women found out what we 
know, and how they ai c finding olil mote today’*, and. Lt concludes with the 
paiagiaph. “We have thciefoie come to the ihieshold of many new developments. 

In tlie yeai's sin<.:e 192 ’j (^vhen wave meclianics was formally stated) wave mecha¬ 
nics has given us a gi eat de,il of undc‘i standing of the physics that %vas previously 
mysterious. Theie is much to V'>e studied in these new fields, some of it alieady 
fairly well undei stood and a gieat deal of it the sLibjcct of the piesent woik. This 
book is livii el\’ an inti od uclion. A life cun be well .si>eni in a study ol the piiysical 
world,’’ 

A. hew tcsihook on nigh school chcmisliy was jiroparcd {under the auspices 
of the great chemist Ca.'V. Seaborg, now Ch^mman of the TJ S Atomic Energy 
Commission) bv nme college and university pio^escois and nine high school teachors 
in a period <^f si.x weeks. “The higli school teaehcis kept the college and univcislLy 
piofessors clo>v'ii lo eaviJi vind ihc Kuiei helped lo lare the sig jis of Ihu piolcssional 
teachers. It %%tis a imiiiuillv bs*n«.*tiei<il expeiui^c »incl lliis h^is been line of .similar 
task. foi’Ce-> in the ol'.iei scioniilic disciplines. * Oj pamiculai iiniTortancc are the 
following observ'uiions of SJeuborg at the unitual banciuet of the National Science 
Teacher’s Association, March 27. 1961." 

“I turn noNV to a discussion of what socm to nic lo be four delniUe trends 
to^vaids impujV'cmeal of science teaching in the secontl.'uy schools. They arc: 
One ini)ii o\ mg the course content; c^vo new' ompljti*>is on laboratory work, three 
scaling li}> tc.icher i ruining and .slandaids; foui - hrcaking down of bruricis that 
for too loig have cast the piofessjonal s^.lentl'-l and the professional lcac!^el m the 
role of a ii.igtinisis instead of collaborators,'* 

Also, ho pointed out: “The high school teachci should hold a fi.Sc. or a B.A. 
with a major in the field that he is teaching, in addition to tlic raquUed accicdiLa- 
tion course*. Only a small fiaction of our teachers are so picparcd. 

The National Science Foundation reports that of the 22,000 mathematics and. 
science Icacheis cmrcnily entering into service annually, only 6.000 are fully accre¬ 
dited. The other 16,000. recruited because of the desperate shortage of teachers, all 
too often have only partial or uncertain competence. 

One l-ng problem is low teacher salaries. Pay incrcuscs are coming through 
but not fast enough. I know that your organization £ind the National Education 
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Association arc haid at woilc on this pioUIem. Anyone Lhtnkini^ about inipi ovjnjx 
science teaching m high schools must face the necessity for getting substantialls 
increased funds for teacher salaries. Xhese funds will come fionn local and state 
agencies and from substantially incieased indiicct aid to schools from Pcdcral funds. 
One of the purposes of the Education Bill now pending in the tTongress is to step 
up the indirect Federal assistance.”' 

Oood textbooks are absolutely basic to the entire educational piocess. I*ur- 
ther, really good teachers are a very scarce commodity and thci cforc Illinois fe.g, 
textbooks, demonstration apparatus and other teaching aidsj should be so organised 
as would make it possible for a teacher of average quality to impart proper educa¬ 
tion in content and quality. Tf science education is to be carried out on a massiv’c 
scale, there is no other alternative. (This is boinc out by what has been done in 
the U.S.S.R-. during recent years) 

PARTICIPATION OF SCHOOL TEACHERS AND .STin>I-:NlS IN 

college-university work 

A selected numbei of the specially meritorious teachci s slx-iuld I'kc given some 
opportunity to participate in advanced study and research ai ums‘ur'.i*>' ■i.cnii'cs, 
National Laboratories and otho similar iii.stitutions. 'I his tan lie uiianged during 
summer vacations. Reasonably liberal grants should be piovicled foi the purpose. 
Contact with, research, with ‘living science* as it wcic, could generate in the teacher 
a new enthusiasm and interest in the subject, and this in turn would pass «in to hts 
students. The research participation should be organised carefully ul a few selected 
centres to begin with: and for (say) a few hundred leachers every yc%ii , Summer 
Schools for what are usually termed 'icfrc.shcr coxirscs' should aNn be urgariiscd 
for school teachci s. These programmes would help to bridge to some extent tlic 
present wide gap between school and university teachers, and this would boiicl'it 
both. 

Complementary to the above scheme, provision should be inaxlo ftir a selected 
numbei of lop students in schools to spend their summer vacation at (irsl-ialx* 
univeisity centres, National Laboratories and professional colleges tspcsialty sxdcctcd 
for the purpose). This would expose some of our gifted students during ilicii mosi 
impressionable years to the Inspiring and cxhilaraling Influence of outstanding men 
in the academic profession. It would considerably accelerate ihcnr scholarly 
development. Wc should do the same for a selected number of college unsler- 
graduates. 

The schemes described above, apart from their value in raising the standard 
and quality of science education, would also help, may be to a small extent, the 
process of 'emotional integration* and in generating a corporate ue.ideinic atmosphere 
in the country. 
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L.AEOR A'l C^RY POUIRMENT AND WORKSHOPS 

T <>i iJiL! t^xpansicjn of science ecliicaiion m oui country, it is very important to 
develop simple ni ns and equipmoiit of j^oocl inst i uctioniil value. This is an 

irnporlJint and nrjicnt task. Sections, oi even divisions, ioi this puipose could with 
profit he esliihlished in some of the National Laboratories and university depart¬ 
ments. 

I'-vety hiy,h school should ho ptovided with a reasonably worksliop, say 

carj-icnlrj’ tools, simple mechanic’s kit, and possibly n manual lathe. Teachers and 
students slioiild be encotiraj'ed to build simple app^iraliis in the school workshop. 
One leains a lot of ftood science by usinj’ a simple and inexpensive apparatus to 
the limit of its capability and accuracy. On the other hand, one hai'dly learns little 
of real value by usinjt a first-iatc instrument in a thiid-ratc way, as unfortunately is 
very often the case in our laboratories. 

In the case of school bmldinRs, it should be [lossible lo iiru^rove efTcctivcly their 
fundamental lUility. and at the same time cut down costs. Much thought has been 
Riv'en to ibis subject in recent yeais. For example, see: Ministry of Kducalion 
fUKk, Thf St<iy!f of Postivar Sefinni huiUitn^. Pamphlet No 11 (TIMISO 1957). 


TFACTTER SllORTAOI*. 

For the itnplemontation of (ho proRranimc of secondary education during the 
Third Plan more than fiO.OOO ucidUional teachers would bo requited. The shortage 
of teachers in Xiidin is a .serious problem. In fact, this has now become on acute 
world problem, and it is much moit* accentuated In India. If we are to meet the 
prohlcm of shoriaRo <if leachors. an approach, unconventional in many ways, would 
be required. For example, it may be dcsUublc to introduce education as a pan of the 
fii-st desree course. 

To meet the problem of serious shorttiRc of mathematics teachers U.K. (Uni¬ 
versity College. Londonl has recently launched a scheme oC evening classes designed 
for teachers woikinjt in schools. As the well-known Crowther Report (1979) says i 
‘Tt IS necessary to do more than is being done to attracl men and wbmen of the 
highest intellectual calibre into teaching.” 

The teaching professkm should be made really an atlraclive one. In this con¬ 
nection reasonable salaries are vmpottant, but i'jy no n\car\s every tiling. Opport¬ 
unities of professional advuncenicnt, possibility of migration lo a college or 
university, recognition by the society «>f the value and importance of the teaching 
profession, and many such thiiigs would go a long way in attracting to the profession 
a modest proportion of men and women of high intellectual abilities and character. 
This is an essential requirement for realising as we must the kind of society wc all 
have in. view. 
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Education provides a good illuslialion of ihe 'foed'back' inoci^s. If things 
aie 'SO oigaiiiscd that evciy ycai an appreciable number of our besl voiing nu'ii 
join as teachers in out schools and colleges, we shall have a continii.ilh evalatiiig 
improvement in education. On the contrary, if what we ploiuih back info mir 
schools and colleges are young men with less than average abili[>, then •'taiid.iiiU 
would rapidly (cxponeiituilly) go down as vears roll by. 'Hie kes to a eomimioiis 
improvement of standards is to feed back into the leaching prolessioii etmv vmir 
a reasonable proportion of the best young men turned out fiom the iiniveisines, 
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Theie is an ancient eastern saying: “Better to walk than to run; better to sit 
than to walk; better to sleep than to sit; and better to die than to wake.*’ This is 
ccitamly applicable to the many who are undernourished, for the fire of life burns 
low in their bodies and they are apt to take things as they arc instead o£ making 
an all out cffoi t to get over their tioubles. Not every case of undernourishment 
and ill health is, however, due to poverty; surprisingly enough, some are associated 
with weallh and abundance. It is the purpose of this article to consider, one such 
aspect. 

As is wellknowii, our foods contain i^rotcins, carbohydrates, fats, mineral salts 
and water. Those that are derived from plants also have some ftbrous material. 
This “roughage" has little nourishment in it. but valuable for enabling the in¬ 
testines to push the food forwaid. 

Besides the above, foods^also contain minute quantitles of other substances. 
Although not concerned directly in making protoplasm, or n\ oxidation, the absence 
of these things gives rise to what arc known as deficiency diseases. To this category 
belong the vitamins. Although every .school boy or girl talks of vitamins these 
days, no one had any clear knowledge of them until aboiif sixty years ago. ' 

Scurvy, a disease caused by vitamin deficiency, was mentioned in the writings 
of Hippocrates C430-370 B.C.), the father of western medicine, as a scoui'ge of 
armies and exploring seamen. It was recognised by a Weakening of the walls of 
the capillaries so that blood escaped easily through them. Large black bruises -were 
formed, blood came out of the nose, the gunls became soft and swollen "'and 
qiienCly the tcetli fell out. Sonletimes the feet became swollen So as to produce* a 
dropsical condition and the breath became ofTensivd. * Barber-surgeons were- em-* 
ployed to cut away the dead flesh from the gums to enables'a suffetci tO'masticate'his 
food. After considerable misery, many of the victims died. ’ 

Scurvy is repeatedly mentioned in the records of the Crusades during the 
thirteenth century. It appeared very frequently'in .places ^where people lived on a 
restricted diet as in encampments of soldiers in besieged towns. - During' the 16tlx, 
17th, -and 18 th* centuries explorers going on long -vOyages suffered' sa h^dly from 
Its ravages that it became known as the “calamity of‘sdilors.". • Two-thirds of Vasco 
da Gama’s crew died from it off the cost of Africa; it‘ had’ a. deadly . effect,.. o.n 
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Magellan-s men. and it had been taken quite seriouslv by Francis ntake. I bc 
mortalities on Columbus’, voyages were also due mosdv to sciii v\'. 

No one knew the cause of tbc disease. Some blumecl scu an. wliile olliets 
attiibuted it to tbc consumption of stilted meat. 

Tn the winter of 1536. Jacques Cailier, the Fiench ejcploior who discovered 
tlie St- Lawicnee River, made his second voyaKe to Newfoundland and j>pcm a 
wintei” in an American Indian VdlaRe near the present site of Moniieal. Out of a 
crew of 1 lO, 26 died of scuivy, and others would probably have met a similai 
fate if they had not followed tbe advice of the natives and drunk a leu made of 
spi'uce needles. The results weie “miraculous**. If all the physicians of .\ioni- 
pellici and Louvain “bad been there", said Cartier, “with uU the cli u}{s of Alexan¬ 
dria they would not have done so much good in one v'oar as that tree did in six 
days.*’ 

The voyages of James. Cook in il\c 18th centuiy arc o-Jpocially nolc;worihj» >n 
this connection. On the fir.s'C voyage Cook loxt .so many men b.s scurvy lliaf he 
swore that “if his own life was would devote all his intoIliKcnce and 

energy Co combating scurvy." On the second voyage after .spending several niunths 
at sea in the region of the Antartic Circle he landed in Ness’ U^Ckiliind. Hero he 
gathered the buds and needles of a pine, brewed them with moUtsses and matt, 
and made a decoction which benefited his men immensely. Sever.tl years before 
Cook's fiisfc voyage, a Scottish naval physioian, James Lind (I716-V*f) ptndc an 
intcreaUng experiment on board the Salishnrif^ He divided twelve men sulTeiinjt 
from scurvy into .six groups of two each. Two men ^v'e^e given eider each tlay, 
two vinegar, two oil of vitriol, two half a pint of soa-water, two a patent lacluary. 
and the last two a couple of oranges and one lemon. 3*hc fortunate ones .wht» 
received oranges and Lemons were cured- in six days, the cider drinkers showed a 
alow irnprovement, while the other pairs remained almost as before. 

Lind's own accouiil. of his Lest is as follows. "On the 20th May, 17*17. I took 
twelve patients in the scurvy, on board the Salibury at sea. Theii cases were as 

similar as t could have them.Two of these were ordered each a quart of cycler 

a-day. Two others took twenty-ftvQ drops of elixir vitriol three times u-day,. 
"Lwo others took two spoonftUs of vinegar three Limes a-doy upon an empty 

stomach . Two of the worst were i>ut under a course of sea-w«!ter . ,,Two 

others had each two oranges and one Jemon given them every day... 'I'lie (wo 
remaining patients, took the bigness of a nutmeg three times a»day, oC un electuary 
recommended by an hospital svirgeon .. . 

“The consequence was. that the most i>udclen and visible good effects were 
penceivedt from, the, use of the oranges and Icmonsj one of those who ha<l taken 
them, being at: the end of six days fit for dutyThe other was the best recovered 
of- any in his condition; and being now deemed pretty well, was appointed nurse 
to-the pest ot the sick, 
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A.t another place, he wrote: “Some persons cannot be brought to believe that 
a disease so fatal and dreadful can. be prevented oi cm ed by such easy means. They 
would have mote faith in some elaborate composition dignified by the title of an 
antiscorbutic golden elixii or the like , .Facts are sufficiejit to convince the un¬ 
prejudiced. It is no easy matter to root out old prejudices or overturn opinions 
which have acquired an establishment by time, custom and great authorities." 

In 1753 Lind wrote a book in which he mentioned the case of a sailor who had 
gone to Greenland in 183“!. !He was so sick, with scurvy that his companions maroon¬ 
ed him to die. He had nearly lost the use of his limbs and could only crawl ovci the 
giound. Even in this hopeless condition, the cravings of hunger overcame the 
despairs of his disease and he gi av.cd like a beast upon ihc young shoots of green 
grass. In a short Lime he recovei ed and returned to his companions. 

Since ficsh vegetables could not be earned long distances in those days owing 
to the lack of refrigeration facilities, in 1795 the Biiiish Admiralty decided to 
adopt lemon juice as the principle antiscorbutic. After Lhl.s the incidence of scurvy 
showed a starting decline in the Navy, although no one knew the exact reason for 
this. Even so, owing to lack of fresh fiuils thousands of Irtdian soidieis died in 
Iraq in World War I 

Ancient Chinese rccoids, as old as 2,700 B.C., show that in the uasi there was 
another disease which v'»aralyscd and rotted the muscles and turned men into living 
skeletons. In this ihcie was no bleeding as in scurvy hut numbness and paralysis. 
This disease began f.o be known as beriberi. 

Nearly a thiid of the Japanese soldiers used to be on the sick list because of 
ihi.s trouble. About 18S0 Takaki, Director of the Tokyo Naval Hospital, decided 
that it was not due to climate or sanitary conditions and suspected the diet. Hes 
sent two warships on a long journey. The Titiyajo had the usual rations, in which 
white or "polished." rice predominated. The 'Tarfaila. carried less rice but more 
barley, meat, vegetables and condensed milk. On the first ship about one third of 
the sailors suffered from beriberi, and several died of it. On the second only 
16 out of 350 became sick and in every case it was shown that, the sailor had not 
eaten his full allowance of the new foods but persisted in eating white rice, 

\ 

The Japanese government immcclialoly ordered that other foods be provided 
in addition to polished rice. Very soon the beriberi outbreaks became loss 
frequent, For practical purposes thi.s solved the problem. Yet neither Takaki nor 
anyone else know the real connection between the altered diet and the reduction in 
deaths due lo beriberi, Takaki con/eclurcd that it was due to protein deficiency. 

Towards the latter part of the nineteenth century the Dutch were rapidly 
infiltrating in the East Indies, In the island oC Sumatra they fought against the 
Achinese, inhabitants of the northern part having their capital at Kotaradja. For 
a quarter of a centurj' the Duch won many battles and yet they steadily lost the 
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wafi Xli-ey had supeiior weapons but tlie ariuy was* tor‘u to shicds by bciibcri. Hospi¬ 
tals wer-e rapidly built but were swamped in. no time while the disease continued to 
increase in volume and intensity. This appalling condition caused the Dutch to w^rite 
for help to their colleagues in the Universities of Leyden, Utrecht unci Amstcidain 
The home Government sent a Commission consisting of scvc*ral doctors wlio worked 
diligently in fava foi nine months hunting for some miciobe which may he res¬ 
ponsible foi the disease Since they failed to find any nuciohc they simiily left ins- 
ti Lictions with the Javanese doctois to use plenty of corrosive stihltmaic to sterilise 
the rooms in the hospital. One memhor of the commission,c:hristumn r-.ijkmun (IH'TK- 
1930), a formci student of Robert Koch, was left to investigate the matter further. 

Etjkman had studied with Koch in Berlin. He examined -secretions, blood, and 
cveiything else trying to find a bacterium but failed. He tried the customary method 
of injecting sputum and blood from the patients into chickens but was unable to 
pioduce any symptoms of beriberi in them. 

On dne fateful day (Juno 10, 1889), his assistant came to report that the chicken 
feed had been Exhausted, Eijkman asked him to see the licad cook of the hospital 
who pcrimttccl him' to use the remnants of the cooked ito.siutal food. So from the 
next day the chickens began to get a civilised food con.sisting of nice, clean, cooked, 
polished, white rice. After a nionih pcculiai sympiom.'^ were noted in the poor 
birds. Marly of tliem became .sick, emaciated and pniiiJyscd aneJ could not evort 
sit up. The' disease advanced from legs to wings, tail to head, and slowly but .surely 
ended in death. On November 20th, a new Superintendent arrived and being rather 
economy-minded he decided to stop the supply of the expensive white nets which 
was meant for pattenta and not birds and vesutvved the tiviotiv of the visual diriy 
brown crude lice. Lo and woiidcrl the sick birds rapidly recovered. 

This was so impiessivc that Eijkman immediately gave up iho search for a 
microbe and began to look into the food The experiment was repeated .several 
times until he became convinced that birds eating nothing but polished rice always 
died from this strange paralysis Cpolyneurites) while birds eating crude* dirty, un¬ 
polished rice or picking their own food on the dunghill never got it. 

This naturally led him to examine the brown skin on the rk'c. Ho made a 
decoction of it and forced it down the throats of the paralysed chickens. Within 
Four hours they began to recover and were perfectly well next morning. 

Now the mystery began to clear up. The Dutch .soldiers had beriberi because 
they ate the most expensive polished rice. The Achirvoso ale (he cheap crude, 
unpolished rice and were thciefore free from the disease. 

Experiments tried on labouiers. prisoners and others fully confirmed this. In 
1905 ohe Dr. Fletcbei performed an interesting Xest on the inmales of a madhousa. 
The lunatics were lined up The even numbers were marched to the western ward 
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of the asylum, and fed on unpolished rice and the odd numbers marched to the 
eastern ward and given the usual polished rice A yeai latei in the western ward 
there were no new cases of beriberi and no deaths, in Llie eastern ward there haci 
been several deaths and most of the lunatics wcic sick. 

The same experiment was made on 300 Javanese labourcis, who were divided 
into two camjis. In Camp A living on polished i icc there were 20 cases of beriberi 
in less than 2 months; Camp B living on unpolished rice had none. Now the 
doctors reversed the diets. The patients of Camp A recovered while Camp B report¬ 
ed an outbreak. A similar experiment was tried on some 10,000 prisoners. There was 
only one case among those who were given unpolished rice, but 3900 among those 
who were fed on polished rice. 

Aftei this knowledge the beribei-i hospital at BuiLcnzorg had little u.sc; it wa.s 
soon closed for want of inmates. 

The explanation first ofTared by Eijkman for the production of beriberi during 
the consumption of polished rice was that the disease >s due to a slate of intoxica¬ 
tion biought about by the consumption of excessive quantities ol starch and that 
in the so-called *silvor-skin' which is lomovcd by polishing there is a substance 
which counteracts the toxic products of the disturbed metabolism. This hypothe.sis 
was far-fctched and ingenious, liut the conception of disease as the direct result oJ. 
a specific dcficionoy in food was foreign to the thought of the Lime. It was some¬ 
what later, partly owing to the woik oT others and pai tly owing to more extended 
experiments of his own, that Hijkman came to the definite conclusion that there is 
present in rice polishings a substance differing fiom the then known food con¬ 
stituents, but essential to normal nutrition, though required in very small amounts. 

While Eijkman was busy with betiberi, there wore chemists moving towards 
the vitamin mystery from an entirely different angle. They were not trying to cure 
diseases but developing the .science of nutrition. There wa.s a great craze for 
.securing a concentrated ration which hud enough of all the recognized food ele¬ 
ments in it to keep soldiers going for long peiiods. They claimed to be able to 
make the pure.st of pui e diets (.“balanced bottles for bouncing babies”) having 
exactly the right weight of carbohydrates, the right weight of protein and fat, and 
cori'oct amounts of the appropriate mineral sails. 

The chemists thought that ai Ica.st they had perfected the whole business of 
food and feed. As a first step thi.s synthetic stuff was tried on rats. They were 
surprised to find that it did not work. Children fed on such diet developed “Bar- 
low’s disease” which i.s a kind of infantile scurvy. 

Since milk is the most perfect of all foods, in 1884 l.,unin, pupil of the famous* 
Professoi-G Bunge o'* the University of Basel, fed mice upon an artificial mixture 
of all the constituents of milk which were then known, namely protein, fats, carbo- 
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liydraLcjs and salts. Kc found that upon such a mixture the animals failed to sur¬ 
vive and. was forced to conclude that “a natural food such as milk, inusi therefore 
contain besides these known pi*incipal ingredients small c^iuintitics of iinknov»,n 
substances essential to life. 

Pekclhaiing CIH48-1922) of Holland also came to a similai conclusion in 
and decided that there must be an unknown .substance in milk svhicli even in \ crv' 
small quantities is of paramount importance to nutrition In the .ibsencc of tins 
substance the organism loses the power to as.siniilate the principal parts o ftiod. 
the appetite is lost and in spile of apparent aliundancc the animals die of want. 

The famous biochemist F.G. Hopkins, of Cambridge, kept two sets of similai 
rata in different cages. The rats in cage I w'ere fed enough prepared food in ihc 
form of protein., fat, sugar, and salts to be considered a b£ilanccd diet. Those in cage 
11 were fed exactly the same diet, plus a certain amount of fresh milk. The rat*? in 
cage I lost weight and became ill; those in cage II increased in weight and remained 
healthy In 1907 he further demonstrated that when small quantities of only some 
butter fat weie added to the food it had a remarkably bcnehciul effect on tl\c rats. 
Just as Eijkman had concluded that there was something in the unpcillshccl rice, 
that prevented beriberi, so Hopkins was led to think that there svas an "accc*isnry 
food factor” in butter fat which had a dehnite effect on the health of his rnlfs. Hop¬ 
kins and Eijkmau shared the Nobel Prize foi medicine and physiology in 1929. 

Meanwhile, E.V, McCollum at the University of Wisconsin was also currying On 
feeding experiments on rats. He gave them measured and wbai ho licHcved to ho 
correct amounts of pure carbohydrates, proteins, fats, nrunomlK and wvtier. I low ever, 
the rats developed an eye-discasc, became sick and diotl, 'I‘he cxperimont was 
repeated, but this time as soon as the animals became sick some were given a small 
amount of raw milk (1 ml. per day) in addition to iheir regular diet, 'rhese rii.is 
regained then health and became normal. It now became clear ihat raw milk 
contained some substance which was essential for the health of the rals. At firJ?i 
McCollum conjectured that milk supplied flavour to ihc diet which w’as otherwu-^t* 
tasteless and flat and disliked by the animals but Isilcr the beneficial ofTccls were 
traced to the bulterfat inside the milk. 

Such observations gieatly stimulated further research on these problems ami in 
19 11 a Polish scientist, Ca.simir Funk .separated from 400 Kg. of rice-poltshings jusi 
a few grams of impure but ti’emcndously potent crystals. Only i\ minute quantity 
of this substance could cure a paralysed chicken in three hours. He called »* 
“vitalamine”—-vital bccau>se it is essential to U‘^c. and amine because he considered 
it to be akin to ammo-acids. This name was shortened to vilaminc and then to 
VI tamin. 

Earlier in 1890, an English docto*, T.A. Palm, made some observations on 
rickets and poinled out tiiat it was commonest in places where there wa.s least sun- 
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liRht and larest wlierevei sunshine was abundant. Fte examined the remains of 

r^P'.yi'’tian mummies and fovind no evidence of rickets in their skeletons-thanks, he 

suftK^stecl, to the African sunlight. In the sunlit cast, purdah women. sufTeved from, 
osteomalacia, o gross form of adxilt rickets in which the skeleton becomes porous 
and collapses 

Leonard Findlay, working at the University of Glasgow, found in 1908 how to 
piodiicG rickets artificially in puppies He gave them nothing except a little milk 
and oatmeal porridge and kept them in laboratory cages. The animals failed to 
grow, their legs became deformed and weak, their chests compressed, ribs knobbed 
and spines curved The poor pups became duict and lethargic. Another group, 
fed .similarly but allowed to run about in the open, did not contract rickets and at 
first Findlay thought that muscular exorcise must be the cause of the difference. 

In 1917, IVIellanby of the JVtedical Research Council of Great Britain tried to 
supplement the milk and. porridge diet giving one thing after another bu.L without 
any effect Finally he landed upon cod-liver oil and the lesult was spectacular. 
The warped bones of the pups became straight and strong and their broken spiriLs 
wore mended They .soon became frisky and active. 

Another scientist at the John Hopkins University, named JVlcColIuin soon 
isolated from cod-liver oil the active substance which he called vitamin E». 

At the same time German scientists found that rickets could be cured meioly 
by sunbaths. Those who could afford these went with their children to spend 
the vacation in Italy, Spain or North Africa, but this was hardly possible for the 
poor. So they were exposed to ultraviolet lamps Within two months there was 
a rcmaikable effect. The babies were no longer weak, whimpering and apathetic 
ci'catures but became full to spirits and mischief. 

The advantage of light clothing, shorts, open-neck shirts and bare legs is thcre- 
foic obvious, for this causes the crgostecol in the body to become converted into 
calciferol. The old village custom of anointing babies with mustard oil and letting 
them play in the open is thus of great advantage in helping them to maintain their 
health. 

The experiments of Hiikman, Hopkins, Funk, McCollum, and others had by 
now definitely established the presence in food of minute amounts of Important 
substances. There followed a vast amount of experimentation which still continues. 
We now know of more than a do^ten vitamins necessary to our health and. general 
well-being. Some of these arc available in the form of pills which we can use Co sup¬ 
plement- our diet. However, there may yet be many undiscovered vitamins necessary 
ro US- For this reason, as well as for the sake of economy, it is better to depend 
on natuial foods rather than on drug stores for one's vitamins. 

There is an interesting old story in. this connection about the London and 
Dublin zoos. It is said that the London zoo had enough money so that the keepers 
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bought foi their lions the kind oi meat which human beings use. steaks and 

chops; yet the lions were weak and sickly. The Oublm xoo wiis shin t of money; 
.*50 the keepers botiglit worn-out and old lioiscs and used the ontiic carcass from 
nose to hooves, insides .and all. The lions were healthy and full of pep, pr.incing 
and roaring The Londoncis were pusisiled at this cIilTercncc. Travellers, who had 

been to A-frica, knew that the diet of lions consisted of xehias. Wow the lions <licl 

not eat ;ust chops and steaks: they ate the whole yehia. the diet thus rnntchutg with 
that provided by the Dublin zoo. >Vmon}j human beings the poorer folk who e.il 

potatoes, skin and all, are healthier than the nclicr folk who eui them after the skin 

IS peeled off. This is because the most valuable pail of ihe potato, both from the 
point of view of starches and vitamins, is immediately under the iikin. In peelings 
with the knife this part is thrown away and lost. Those who eai wheat should 
keep in mind that whole wheat fdaliya) is bettor thari flour and that the coarse brown 
flour is better than the fine white flour In the making of the latter the bran whicli 
is rich in vitamins, phosphorus, iron and protein is discarded. If a pigeon is fetl 
on white bread alone, its wings droop and it soon becomes too weak even to stand 
up. If its diet is not changed, it will die. If, however, even after it is unable to 
stand, a little water in which the bran Of tlie grain ha.s been scuikcd is pourcti 
down, its throat, it soon revives and becomes noimal. When we reject the bran, 
we lose this essential substance. 

Our present knowledge of vitamins teachos u.s tlial the care rincl cooking of 
food is as important as the choice oi food if you want to have your full supply of 
vitamins. In general, exposure to oxygon destroys vitamin.s, and the higher the 
temperature the more rapid is the destruction. Vegetables should, if possible, not 
be peeled or cut up before cooking; the smaller the pieces the more the surface 
exposed to oxygen.. Fuithcr, it is desirable to do the cooking in closed vessels 
because in, this way air is excluded. And since water contains air until boiling 
drives it out, it is best to start the vegetables in boiling water. 

Extreme heat, especially in the presence of oxygen, dcstroy.s some ijiuniins, 
particularly vilamin C and vitamin A. For thi.s reason cooking should not be conti¬ 
nued longer than neces.sary. You can thus save your health as well as your fuck 

’ Most vitamins, with the exception of vitamins A and D, arc soluble in svaier. 
We should, therefore, use only small amounts of water in the cooking pot and 
whatever water is left should be kept and used, since vitamins (and m»ncrajs> arc 
dissolved in it. 

During recent years nutritionists have been interested in the x^o.ssibility of 
fortifying or enriching certain foods that are most widely used. Nearly all oleo¬ 
margarine in the XJ.S.A. is now enriched with vitamin A to make its nutritive value 
nearly equivalent to that of butter. Much of the flour and brc«id in the U.S.A. and 
Europe is enriched with niacin, riboflavin, and iron. For the poorer people of the 
orient the best policy is to use brown nee, whole wheat. Cor coarse flour), unpeeled 
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poLaloes, and as much of fresh fruit and vegetahlc -as possible. And the cheaper 
fimils and vegetables like her, jamutt, tnetJii, palaK, hatJntn. etc., are often as good 
•as or better than the costlier ones. Also, as explained before, except in the -winter 
it is best to put on as few clothes as j-iossible. Neckties, socks, long-sleeve shiits 
and jaclcets may be signs of civilization, but in a climate like ours they do positive 
harm to health. 

At present about 18 vitamins have been distinguished and their number is 
continually increasing. Not only their physiological effects' but chemical composL- 
Lions and constitutions have also been ascertained. As to their chemical action, 
vitamins arc eithei coenzymes, in. the absence of which enzymes cannot act, or they 
are constituents of coenzymes. 
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Our lives have^become complicated and excitinij with the advent ot tJic radio, 
the television, nuclear power, atom bombs and many new inventions. We. as 
citizens, are discussing many aspects of these inventions as they affect our lives and 
our social systems. Five-year plans of our Government decide t»rowlh of eU'clric 
power, and nucleai power plants; they hiing into beinj; new technolojtics and 
industries such as optical glass and microscopes. Yet these fields of science which 
embrace many human activities and oie the basis of much sHu-ud and pnhricul 
thinking lemain outside the i‘'anRC of interest of school and college science. Our 
tomorrow’s citizens are being brought up in ignorance of ivSsucs in wdiicii they are 
expected to exercise lesponslbilities and make vital dcci.sions 

This problem really devolves on the teachers of ovii tlnldren who .irv now in 
high school. Because of their Jack of background and vitality, ihoy arc in laigv mea¬ 
sure unable to incorporate intelligent appreciation and basic knoujedge tif the new 
developments in technology and science into their immediate UMching interest. It 
IS not surprising that lively and intolJigonl intciesi i.s not created in our pupils alHiut 
the technological woild they live in. 

Another problem for young students of science i.s a proiluci of the fad (hat 
inter-discipIinary sciences have grown into major lields of human endeavouis*. The 
borderland sciences have wiped out separation of disciplines, Students who ha^e 
been educated in the narrow disciplinary sense of the sciences fintl il diHicult to 
appreciate the excitement of such interdisciplinary technologies and sciences as 
nuclear technology and space science. 

These are problems in. the teaching of school science in every nulion. and 
science teaching in each country is attempting to change its science education lo 
face the exciting challenges of the age. 

BORDERLINE SCIENCES 

The disappearance of Che dividing line between the sciences such as physic?? 
and chemistry and biology, unfoi tunately. becomes apparent to the Mudent in our 
country very late in his career. The student in school and eollehc toils at separate 
compartmentalized sciences. Can we endeavour to give lo the .students in our liiKlt 
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schools niasic speclaclcs which will extend his vision to distant horizons and his 
appreciation of how in icccnt years many sciences have extended to merge into one 
anothet ? 

For example, the sloiy oC the researches of scientists investigating the structure 
of the nucleic acids in the cell nucleus and their relationship to hei'edity and other 
cell piopertics gi cw out of the woi'k of biochemists, biologists and biophysicists. It 
can be an entliialling talc to a school student who is usually well able to giasp the 
essential patterns of cell division, and the lole of the nucleic acids without being able 
to understand details of many facts and aiguments. The reality of space travel has 
brought to astrophysics new knowledge of the solar system and a sense of adventure 
as exciting as any pirate’s tale arid it can be made so to the students with little 
effoi t fiom the science teacher. 

Our science teachers, whethei in school, college or university, have the res¬ 
ponsibility to bring to our boys and giils while undergoing their education, a 
realisation oE these vast horizons and a sense of excitement and participation in 
the world of tomorrow to which they will belong. There is no unique way of doing 
It. Not only each country oi Government but also each school and college, each 
teacher, hcadmastci and principal has to analyse the functions and obfectivcs of his 
teaching programme and gauge the level of interest of the students. It is through 
such endeavours at many levels that each teacher and each school wiU find out what 
It can do successfully and how Car it can create or increase the level of inteicst in 
technology and science not only as useful disciplines' but as philosophies of an 
approach to life. It is in this context of an exciting technological change that our 
national objectives can be made comprehensible to students whether it is nuclear 
technology, hydroelectric power ot production of jet air planes. 

eURRICULUM ANO THE TEACHER 

-After independence, general science or rather everyday science has been, intro¬ 
duced in the primary and middle school curiicula all over India. physics, Chcnristiy 
and Biology have been incoiporatcd as optional subjects in the highei secondary 
syllabi by almost all state education dcpaitmcnts. These arc vitally necessary steps 
to icorient oui school education to fit with the modern world of science and techno¬ 
logy in which our country has to bo a viable member. However, they arc not in 
themselves .sufficient. It is the science professor or teacher who has not only the ics- 
ponsibility of communicating to hts students facts and methods but also of creating a 
sense of universal participation in the drama of science and technology as a part of 
the totality of human, endeavour. Such a responsibility calls for teachers who are 
not only knowledgeable in one discipline but have in addition a wide background 
and imagination. Such a teacher, ideally, even though he is teaching science at an 
elementary level, should have good advanced training, that is, at least, the M.Sc. 
level. 
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This will be clear, if wc enquire into the usual prepai ation i>f the aveiM^o 
teacher. He is perhaps an M.Sc in Physics, Chemistry oi Mathoniatic.s. Suppose 
we take an average M.Sc in Physics. He has some B.Sc., backgi'ounci in Mathe¬ 
matics and Chemistry of about six hours a week for two ucudcmic yeai s. Tins is* 
insufficient background in the subsidiary sciences for cfTcctivc icachinj; of physic^. 
While he might be able to follow the well-marked path of the syllabus, it is loo 
much to expect him to plan his clas.s or laboratory work effectively to iitspite the 
supeiior student and to bring about an appreciation and insight .lo the average 
student. Actually the science teacher is saddled with the many deficiencies of his 
education in college oi university wlieie facts of science arc importance. He 

has not had the advantage of counselling or discussion of ideas \vilh his icacheis 
and colleagues. I have mentioned, obliquely, the role of the hi.story of science in 
tcachet preparation because of the important role it plays in developing social 
attitudes. The insight that such study can give to the teacher and through him 
to his students in understanding contemporary firoblcnis and ideas is valuable and 
in our country entirely missed. 

Experiments arc looked upon in most of our teaching as verification of slale- 
ments made by the professor or teacher. The very nature of experitnents as a 
search for truth is missed. That the gcuct-dH,scd human lianU with its ojiliosablc 
thumb Is as much an organ of ncquuing knowledge as the oyc.s anil cans, is hardly 
ever appreciated. 

One way to meet this problem is additional prcpaiation of the leachci. Itis 
school and the state should encourage him in every way to ojilaiu this* tieeded 
background. Such added propaialion can be in the form of formal class work or 
m some areas at least as part time work in the evening and holidays, ft must be 
remembered that our teachers in addition to a full schedule of teaching, have to .sup¬ 
plement their income by private tuition work and other oIT-time employment. 
Encouragement may be given by subsidi;ting the teacher to some extent and lessoning 
his non-teachmg school duties. It is only the mature and well-grounded teacher 
who can make the elementary sciences exciting and informative. Unfortunately, 
iti many cases now-a-days, the texts and teacher’s piescniation at the elementary 
level tend to repel students with false ideas of difficulties rather than excite or 
enthuse them. The science teachci should hove interest and ziest in the adventure 
of modern science and its impact on technology and society. To make the 
adventure of science real to the students, the teacher should have cheaply and in 
profusion science apparatus and looks outside the class work, and standardised 
experiments. These, to some extent, can be made the purpo.so of added teacher 
preparation. 


PREPARATION OF THE TEACHER 

The added teacher prepaiation envisaged is not neccssaiily uniform for every 
teacher or every region of the country. I am conscious that the Icntaiivc sugges- 
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Lions on the pi-epartition of high school teachers of physics made here are noL free 
fioin criticism atici Lhey should be considcicd as preliminary suggestions only. Foi' 
the physics teacher the following subjects are iccommcncled : physics, chcmislvy, 
biology, related, sciences £ind mathcrnalics. 

Tlie contents of the subjects may be sornclhmg like • 

Physics : JVlotiein Physics : 

A-Loimc and nuclear physics phcnon'iena, concc(3ts and cxpcrnnenls. (Aim is 
understanding and appreciation rathei than a laige volume of matter). 

nlcclionics : 

JVLathemaLical knowledge of higher sccondaiy mathematics courses should be 
utilised only in tlic prcpatation stage. 

History of Physics : 

Uses and tcohnologiual consequences of physical discovciics. 

Chemistry ; 

Organic, bio- and physLcal-chcmistry with emphasis on the principles wltich 
unify the many facts of chcmistiy with i>hysical i>iincii>lus. llisLoiy of 
Chemistry. 

Biology ; 

The organisation of the coll. Evolutionary ihcoiics and (nets about mciosis, 
mitosis, mutation, stiuctute and the lolc of the nucleic acids vi\ ihc nuclei. 

Rehitcd Sciences : 

Elements of geology, mctcoiology, physical geogiaphy and astionomy. 
Matheinatics : 

Alodern mathematical ideas. Their uses in the sciences. 

Laboraloiy methods and Lechniejues connected with electronics, hobby shops, simple 
machines and shop and laboratory Jay outs. 

It is an unhappy fact that many teachers at least in physics are called upon 
to teach with little oi no preparation. In the hands of a poorly prepared teacher, the 
courses degenerate into routine reading of texts and working out of problems by 
substituting numbers for lettcr.s in algebraic formulae. Question are unwelcome. 
Laboratory work when undertaken is ‘cook-book’ styie. If it is frustrating for the 
pupils it IS even more unpleasant for Ihe teacher. No matter liow conscientiously he 
may try, he ‘has a tiger by the tail’. Me finds his self-respect evaporating. Such 
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cxpciiences leave permanent scars on both teacher anti .siiidcnts. I he teacher needs 
desperately the support ojE his colleagues and their encouragenient. lo some extent, 
the inexperienced and poorly prepared. school teacher can be helped to 
overcome his handicap by the head who might assign a pai t of his piofessional load 
to another teacher of known skill and experience. Perhaps such a poison 
can be found Ln the neighbouring college or university or amongst imlusirial 
physicists ol enginccis, who are aware of the current problems in physics learning 
and can be counted on to show a helpful and sympathetic attitude. I^egului' consul¬ 
tations with such persons dealing with the planning and progress of the course and 
particularly with the laboratory preparation and handling of equipment ii; essentiaJ. 
Ideally, the objective of a science course is not only the curricular material but the 
cultivation of a scientific and rational attitude to our social and educational piob- 
lems in the students as a product of our science leaching in schools. 

NEW CONCEPTS IN SCIENCE 

The nuclear age has brought into being powciful methods to study many gross 
or macroscopic phenomena. The applications extend to almost every field ot 
science and technology. For this reason the beginning cour.sc.s in physics even at 
the highei secondary stages may no longer avoid cntiiely tlic study of ntomic and 
nuclear phenomena. The basic facts of atomic and nuclear phenomena arc avoided 
in our piesentatlon. today until the last stages of college education as though they 
were after-thoughts or luxuries In the strange belief that .sucli ideas arc ddltcult. 
When the physicist introduces the concepts of force, energy, con.s*ervaiioii laws of 
momenta oi mass, electrical charge etc., he can without much difliculty expand his 
horizon beyond the incUnecI plane and the clctroscope. The atom il.sclf offers an 
exciting frame of leEcrence through which many basic physical principles can lie 
illustrated in a manner that is as exciting and illuslrative as falling pro¬ 
jectiles. Recent teaching experience in high schools in the (J.S.S.H. anti the U.S.A.. 
have shown that students easily accept such new concepts. It is diflicult only lo 
those who have been brought up on ideas which are different and which have 
to be discarded or unlearned and new ideas have to be accepted in their i>lace. Of 
course, in the beginning the student is not prepared or equipped to deal quanti¬ 
tatively with atomic phenomena. It does not matter, for, a teacher with adequate 
back-ground can aLLempt a descriptive picture oT the dynamics of the atom, rcsistins 
the temptation to hide the beauties and mysteries of the atom behind forbidding 
mathematical equations. Rigorous reasoning and oven quan Illative illustrations can 
be introduced wherever possible at various points along iho way. Similarly, in tlic 
leaching of chcmistiy his approach need not be frozen lo ihul of half a century 
ago. The world of atoms can be thought in terms of a dynamic system of building 
blocks which will include many hundreds of stable and unstable isotopes. 

NEW TEXT BOOKS 

The difficulties of the science teacher is aggravated in our country by the lack 

of improved texts in physics or chemisiiy having such expanded objectives in mind. 

A particular need is to develop new books Xoi the teacher as well as the taught. 
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delineating the marvellous woild. of physics and chemistry and all that can "be done 
with simple thingvS in school ctnd home to give our youngsters a better appreciation 
of the science o'' physics and chemistry as it affects our lives and that of the rest 
of the world, today. Books which can spark appreciation for force and tempera- 
tine phenomena that today accompany artiAcial satellites and nuclear powei*, 
will give the student some idea of the challenge that the future holds for him and 
his generation. There has recently been attempts m the U.S.A., TJ-S.S.R. and U.K. 
to produce books through collaborative efforts of scientists, school teachers and 
educationists. Mowever, this has always to be supplemented by other source 
materials such as pamphlets, magazines, journals, slides and films whenever possible 
and they should be available easily and cheaply. 

It cannot be argued, as is sometimes done in our countiy, that students of ages 
12-16 are not leccplivc or capable of comprehending complex ideas and their rela¬ 
tionships. Xlie U.S.S R. school system has demonstrated what large doses of lan¬ 
guages and mathematics can be imparted to students in this age group. The XJ.S.A. 
soon after the first Soviet artificial satellite went into orbit, began looking closely 
at their school science education. Through the participation of the university teach¬ 
ers of several universities, professional groups such as the American. Institute of 
Physics and the National Science Foundation have investigated the problem.s of 
school science in the XJ.S.A. They have found that young boys arc fully capable of 
apprcclaLing complex ideas and their logical consequences, if the presentation is 
suitably made. The inhibition of students arises mainly because of the presentation 
of the subject matter and not the matcei itself. In schools such a.s the University 
of Illionois High School (known as XJnihlgh) sponsored by the University of lUlonois* 
university teachers apd those of the school work together to try out the best ways 
of teaching according to the students' capacity for learning. Their findings are ex¬ 
tremely interesting and bear detailed study. The importance of presentation, the 
processes of familiarizing students with ideas and concepts are as important in 
teaching as the concepts themselves. Children, boys and girls, who have not deve¬ 
loped preconceived notions, grasp revolutionary ideas far more easily. It has been 
found that the piocess of learning and unlearning physical ideas that our school 
cuiricula induce because of layer-wise presentation of the subject actually inhibits 
the students from accepting ideas on the evidence given. The great need today in 
oui country is the removal of the process of unlearning in our science education 
and the development of interesting methods of presenting facts. 

The social and economic disabilities of teachers have been discussed in. the 
press and elsewhere. Apart from social disabilities, school teachersi suffer from 
the disadvantage of having to work, in a milieu which is intellectually very narrow 
and confining 


SUMMARY AND CONCLUSIONS 

We can sum up the problems of science teaching as partly curricular and 
partly that of social atmosphere. The curricular problems basically are: 
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CD those concei'iiccl with the presentatLoii of tlie sul'ii^ct paMifiiKulv l«.i\ fi-%vise 
pi cscntation which involves leai’nmp and iinloarninj;; 

(2) the absence in the content of leaching of the stimulus (if niocfuin pi oppress 
and the adventure of science as well as its impact on oiii env ironm^’nt. 

The problems of the teachers in relation to the social milieu arc ,* 

CD social and economic disabilities of the teachers; 

C2) narrow and unstiniula tinp intellectual atmosphere in winch they have to 
move. 

We cannot hope to suggest piactical solutions to problems of such wide and 
varied proportions. No country has completely solved any ol these problcnns. In 
fact the consensus of opinion in countries like England, America and T^ussia today 
are that the school curricula including school science and its presentation are con¬ 
tinuing pioblems. One only obtains better solutions. c:>nc does not try to acliicvc a 
final solution for all the ti«r\e. TVtost of the measures lliat arc now being proposed in 
the County Council Schools in England fttrongly reflect this approach. The work tif 
ths National Science Foundation in the United States is also based on the pliiloscipUy 
of continuing efforts. The economic problems of the teachers are associalcd with 
the financial resources of the country and can only be .solved progressively. The 
social disabilities are a growth of recent origin not unconnected with dev-eloping 
industrial economy and city life. This part of the problem, even if it cannot be 
solved, can to some extent, be mitigated by continuous and persevering cffcirtK of 
teacheis and teaching administrators of all groups. One particular approach i.s that of 
setting up regional councils or counselling committees or hoards. These boards com¬ 
posed of teachers of schools, college and universities as well‘as tciiching adminis¬ 
trators can try to improve the narrow intellectual atmosphere that surround the 
schools today. Such counselling committees working on a base of social equality 
can, to some extent, work continuously for a better intellectual and i.oc3al atmo'Sphere 
and bring into being, in our entiie educational pattern, the stimulus of .scientific 
adventure and its social impact through discussions, meetings, social inlercoursa 
and by experimenting with various suggestions. Success in any measure can only 
come by rigorously avoiding in such counselling committees any attitude of social 
and intellectual inferiority m the school leacliers. 

Some efforts have been made recently in our country to detect and encourage 
science talent in school boys and girls. FIci e too, the co-opcralion of school teachers 
can increase the scope of investigation regarding the eaily influence of the home and 
the school as factors in producing talented students and factors that may encourage 
it at school. Such investigations by teachens might increase their tsensu of participa¬ 
tion in the various efforts to encoxirage science and technology in our country. 

However, it is important for us to emphasize that the problem of teachers has 
to be equated to the problem of school reform. Tt is difficult*, almost impossible, to 
increase the content and value of school science without at the sanie time doing 
anything to improve the .social and intellectual life of the teachers. 
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No single group of vertebrates f = animals with a backbone) ha^ made such a 
complete conquest of its environment as the biids have of the air m which they live. 
Furthermore, the resultant modifications are so profound and so delicately balanced 
that there docs not seem to be any scope foi further specialisation in that direction. 
This IS clear from the well-iecognised fact that, in spite of the profound modifications 
m the anatomy of a bird, its organisation remains singularly uniform throughout the 
group The student may pause and think of the remarkable phenomenon of adaptive 
radiation met with in such vertebrates as the fishes fcspecially the bony fishes), 
reptiles, both living and extinct, and even mammals; but in contrast to all the 
astonishing and bewildering diversity of form and structure met with in these groups, 
the organisation of a bird has remained constant and uniform throughout the group 
ever since this delicate balance of profound adaptive modifications was achieved. 

These modifications related to flight arc correlated and arc delicately balanced; 
in other words they have taken* place simultaneously though slowly, 

STRUCTURE OF WINGS 

The greatest need of birds is to fly in the air, which they have completely 
conquered. Even a layman knows that birds fly with the help of a pair of wings. Now 
what are these wings? The wings arc modified fore-limbs. Indeed they are in their 
fundamental structure, exactly like your own fore-limbs. But while your fore-limbs’ 
are modified for swinging (particularly the limbs of the apes—our ancestors) and 
grasping, the fore-limbs of a bird are modified for flight. But through both runs the 
same fundamental plan—an upper arm containing a single long bone called the 
humerus, a Core-arm containing two long bones called the radius on the inner or 
preaxial .side and an ulna on the outer or postaxial side, a wri.st containing two rows 
of small bone.s called carpals, a palm containing in our case five comparatively long 
bones called metacarpals, and five fingers, each containing three small bones called 
phalanges except the thumb which has two. Such a limb is called penladaclyle. i,e., 
a limb with five digits. 

But the fore-limbs of a bird are greatly modified as they have to function as 
wings. In the first place the wings of a bird are covered with feathers by virtue of 
which, in action, it becomes an impenetrable parachute to displace the air. Indeed 
almost the whole body of a bird is covered over by feathers. Feathers are highly 
chaiacteristic avian structures, just as hairs arc characteristic rnammaUan structures. 
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The skeleton of the foie-hmb of hi'd '-S rnodirieth In tlit- fiiM phice. 

the metaearpals of a bird fsay fowll. of which thcic are only three tl. II. III. nos. Iv 
ancl V having disappcai’cd), have fused inciislinguishahly with the second row of 
carpals to form a charactcvistic avian structure eallecl the earpo-nietacm'X>tis, Again 
the number of phalanges in the fingcis fof which thete aie only thice «.ts Ihcic arc 
only three ntclacarpals) is greatly reduced. The fii.st finger bo.iiiiijt a single pointed 
phalanx along with the hist metacarpal is greatly reduced: the sccontl fingCr bears 
only two phalanges; and the third only one 

The paits of the wmg described above are folded, in the position of rest, against 
the trunk in the form of a Z; during flight, however, the wing is straightened out 
and stietched on the side of the trunk so as to make a right,angle with it. A fold of 
skin, the prepatagium, stretches between, the upper arm and tltc fore-arm on their 
preaxial border, and a similar but much smaller fold, the poslpatagliimi stretches 
postaxially between the proximal part (" the part towaids tlic ttunk) of Ibe upper 
arm and the ti unk. 

You must clearly understand that although the fore-liinb of ;i hat is built on 
pentadactylc plan, its wing Is entirely made up of an extensive fold of skirt fpivtagiuml 
which includes the extraoidmanly elongated bones of the fore-arm; the pidag'vjrn is 
clastic and firm and forms a very cffi-cicnt parachute for flight. Again there are no 
featheis in the bat. Indeed the bat is not a bird. On the contrary it is a mammal, ajs 
It possesses hail* and various other mammalian features, the most imporltml of wliieh 
aie (1) the possession of mammary glands by the female which .seciele milk ft>i* the 
nourishment of the young, and <2) the long period of gestation during which the 
foetxis vemains in the uterus (womb) of the mother before birth and is nourished 
through the blood of the mother. 

Now the bird requires powerful muscles to depress and raise the wings for flight; 
such powerful muscles, the pectoral or breast muscles do exist in a bird. You know 
that the breast muscles of a biid arc considered a delicacy by man. Again, to accom¬ 
modate the breast muscle.s, which move the wing, you require space. You know that 
youi breast bone, or the sternum^ as it is called, is fiat and is hardly covered by 
muscle, but the sternum of a bird has a keel like that of a boat; the space for the 
attachment of breast muscles is theicby greatly increased. The wing is lowered by 
Che action of a huge muscle called the pcctoraUs, which filKs up netirly the whole of 
the space on each side of the keel of the sternum, closely applied to that bone. The 
fibres of the pectorali-s are inserted on the ventral flowerl surface of Che humerus; 
consequently when this niusclc contracts the wing is depressed. Curiously enough, 
the wing is not raised by the action of a dorsally placed fplaced abovo^ miiacloK but by 
the action of the siibclavius which arises from the anterior (front! part of the body 
of the sternum, dorsal to (above") the pectoralis. The tendon of the muscle is given 
off upwards; it then passes through the dorsally placed foramen trio&scum (a hole 
between the ends of three bones, viz., humerus, and coracoid and scapula bones of 
the pectoral or shoulder girdle to which the humerus of the foic-Iimb is attached^ to 
be inserted on the dorsal surface of the humerus, Thi.s hole acts as a pulley; when 
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the subclavius contracts, its tendon is pulled backwards (and not loiwards) on ac¬ 
count of this pulley-like ariangement, and the humerus is laised. Again, theic are 
special muscles called the teiisores patagii, whose action keeps the pic- and posL- 
patagium well stietched during Might. 

Again, you want some mechanism in a flying animal to enable it to change its 
direction of flight. This is provided by special stiff tail feathers, the rectriccs, for 
steering the animal during flight; these feathers arc attached to the hind end of the 
backbone which is modified into a short, stumpy tail, the uropygium. 

In front, there is a comparatively long mobile neck, at the distal end of which 
is perched a short head with a well-developed beak, there being no teeth in a modern 
bird. 


During flight the hind-limbs arc tucked undei the abdomen. 

The bones oJ a bird aic very light on account of the presence in them of aii-sacs 
connected with the ail-tubes* (blanches of bronchi) in the lungs. 

On account of these air-sacs which aie present elsewhere also in the bird, the 
animal is capable of taking in a lot of oxygen for rcspiiatoiy pin poses, i.c., for the 
oxidation of tissues This high rate of oxidation rclea.scs lot of energy for flight, and 
also heat. Therefore birds arc warm-blooded animals ami llicy have a constani tem¬ 
perature, which is even higher than that of mammals, being well above I DO 1-, 

Finally, the body of the biid is streamlined; there arc no projection.s to Oder 
resistance to the air dui'ing flight. 


[/’(> be ainlinueil] 
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Science has come rather late in our educational scheme and thoroforc, it had and 
still has to encounter the difficulties usually experienced by any fie.sh innovation to 
fit into any traditional or set pattern of things. Xhc subject had to be accepted in 
the school cuinculum because of the place science lakes in our everyday life in spite 
of all the recent controversies about its possible or probable misuse. As science has 
lo be developed for human tveifare there is no other ajteniati\'c than to make the 
utmost use of the human material available in the country. Consequently, the point 
to be decided is how the teaching of science can bo made effective and useful. 

Many a scientist with considerable expeiicnce as a leacl\cr holds the view that 
for effective teaching of science, scientific attitude has U) bo developed at* (he age 
when the cltLld’s interest in lus surroundings has not been inhibited by social con- 
ventionSy and when the chance of stimulating in his young mind a sustained interest 
in the newer horizons of life, have not been lost. A recent study report of the 
American Association for Advancement of Science advocate.*} that science education 
should start in the kindergarten stage, the reason being that ‘basic niiitudes, paiterns 
of thinking and modes of behaviour’ arc formed during early years. 

SCIENCE EDUCATION 

Objects 

The objects of science education in schools should not only be to train young 
impressionable minds with the systematized knowledge which is- us'eful and practical, 
but also to develop in them a scientific attitude to life and the environment. In the 
earlier days, and probably still today to a measurable extent, loo much of stress had 
been and is being laid on making the student commit lo memory theories, formulae 
and an apparently uninteresting mass of information without trying to arouse a curio¬ 
sity in his mind towards science and the benefits conferred by science. The teaching 
methods have to be slightly reoriented. The student should gradually be made to 
realize the fundamental fact that science is the system of behaviour by which man 
acquires mastery of his environment. Everybody agrees that scientific facts, con¬ 
cepts and principles should form part of the basic education so that everyone may 
live more effectively in his natural environment. Unfortunately, however, it is not 
uncommon to come across students in science classes at the school level who have no 
idea as to why subjects like physics, chemistry or biology are being taught, or what 
each subject stands for. It is hard to ignore the fact that to a novice the way of 
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introd-ucLion. to a. discipline determines to a very large extent his future interest in 
the particular subject taiught. 

I vividly recall the thrill I experienced in the fiist yeai‘ of my college when my 
science teachers, of revcied memory, did not deliver any lectures for the first three 
or fotir days, but demonstrated during lecture hours (in the physics class), the work¬ 
ings of the portable model of a steam engine, the electric shock exiTciienccd fioni 
Wmishtirsl machine, ringing of a calling bell with the help of an elect! omagnet, and 
water rushing out of a siphon. The teacher in chemistry also kept us spell-bound 
by displaying the changes of coloui induced in the indicators, (most of all tfie 
colourless phenolphthalenc becoming red), by the alternate use of acid and alkali 
solutions, the explosion caused by a mixture of oxygen and hydrogen in n bottle made 
of thick glass covered all round with towel and held near a Bunsen burnei, the 
increased glow of a lighted charcoal inside a glass jar containing oxygen, hiibbliiig 
of gas from a Kipp’s apparatus, a small jet of ignited hydrogen, as iTrepared fiom an 
Wolfe-bottle making sonorous noise inside a glass tube, and water fiom the glas*-’ 
trough spontaneously rising in an invcited glass jai containing water soluble ammo¬ 
nia gas. 

Aftei a scries of these preliminaiy dcmonsti aliens in icrspcrsetl with brief ex¬ 
planatory talks, covering three to four lectures, we were told that physics deals 
with energy in its various forms and chemistry with the properties of matter. It did 
not detract from our preliminary concept of physical sciences even If we wore 
kept ignorant of the theory of the conversion of mass into energy. I wonder if such 
pieliniinary demonstrations wasting f?") three or four Icctuic hours arc delivered now. 
It IS ciuitc possible that the students in the fust year class in the colleges today are 
more sophisticated thaxi we were 45 years ago. No cloubl, times liaN'c changed. We 
Cannot ignore the basic fact, however, that science leacliing today begins in the 
higher secondary classes in the schools, and rightly loo, at an age when the sludents 
are mentally less mature than a first year student of a college even twenty years ago. 
While listening to the various pi'Operties of nitrogen gas the attention or the interest 
deepens if Lhc teacher lays a special stress on the point that though the gas is coloui- 
less, odourless and apparently unintciesting, it is an essential component of all living 
material. The very idea that Ufe without nitrogen is not possible may help in pio- 
nioting a healthy respect for this paiticular clement. Innumerable instances like this 
could be cited. The student may find his task of niomorizing scientific details worth¬ 
while if it be explained to him how a particular theory or formula can be helpful to 
him in the future or has helped the progress of science. 

IHstiory of Science 

It appears iscrtincnt in this connection to make a few obscrv'alions on the im¬ 
portance o" the history of science. This is an. aspect oC science teaching which has 
yet to receive its due recognition in. the syllabuses for science teaching. For the 
last quarter of a century a number of interesting and useful publications on the 
subject have appeared in the market. For developing the proper scientiru: attitude 
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ijliort anecdotes of the various scientific discoveries pci to the suhjocts taui^ht 

are essential. A politician and an author of international lepvitation whilst rccountinji 
the difficulties he had experienced in the school in picking up the teaching in classical 
subjects, has very aptly observed, “JPerhaps if I had been introduced to the ancients 
through then histoi'y and customs, instead of through theii grammar and syntax, 
I might have had a better record.** It may said without contradiction that, if in tfie 
learning of classical languages, or as a mattei of fac*- any language, a rudimentary 
. knowledge of the history and cu.stoms of the people using the language is necessary, 
it is more so in learning science subjects. It is by no means suggested tliat tlie existing 
syllabus be over burdened by the inciusion of another item, namely, the Miistory of 
science*. Small anecdotes pertaining to various scientific discovcj ics or the events 
leading to them, at approjiriate places, arc likely Lo enliven the thooretical lectures, 

Oemonstratiions 

It IS admitted on aJl hands that no matter how interesting the ieclure on ex¬ 
perimental science subjects, it fails to make any lasting imi>re‘».sion unless accom¬ 
panied by suitable demonstrations. The essential prerequisites for proper .science 
Leaching in any educational institution, apart from cjiinlificd teachers, nrc the 
necessary instrumentsS and equipment and practical class rooms, ^v•hcrc the stiKlunis 
can tiy and see things for llicinsclvcs. During the last I.*? years there has been an 
cnoimous expansion of science teaching in the schools anul collegc.s without any 
tangible effoits being made, until iccently, for making icaclily nvaUablc supplies of 
instruments and appliances. The net result is that a large jicrccnInge of sccondaiy 
schools do not possess the necessary stock of these ossenlial aids to tchcJiing. It 
it heartening however to note that: the Government of India, and the I*lnnning Com¬ 
mission are seized of the problem. The rcqtiii oment of science instiumcnts of 
different types has been assessed by n special commiileo with iJie lesult that the 
Central Scientific Instruments Organization under the CrounciJ of Scicntiiic and 
Industrial Rescaich came into being in October 1959. There has been uppicciu- 
ble improvement in the situation during the last few years. Mucli will depend, 
however, on how quickly the desired results are achieved. 

Improvising Equipment. 

The non-availability of a pai tlcular type or types of instrument or appliances 
foi demonstration should not make us despondent, Histoiy tells us that men in 
the past have made the best use of their ingenuity under unfavourable cnvironnicn t 
and disticssing circumtance.s. For example, the world owe.s the dcvelopmonl of syn¬ 
thetic Cammonia) fertilizers, the sugar from beet root, and the synthetic fat from coal 
(Fischer Tropsch process) to the conditions of scaicity and blockade caused by wars. 
Consequently, a realization of the present difficulties and the knowledge that some¬ 
thing needs to be done, it is hoped, would oncoui'age and stiniulafo our .school 
authorities, not teachers alone, to meet the challenge. With the notable exception 
of optical and a few other precision in.scrumenls some of the others can with a little 
resourcefulness be improvised or locally made. If a ciude substitute can help the 
students to understand any scientific technique its finish or appearance is of no 
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coiisequence During the ciitical period we are facing wc can neither ignoic the 

saying-necessity is the mother of invention- -noi tlic possibility of exploiting fully 

the abilities of the indigenous carpenter, iron-smith or tin-smith, in sViort, the locally 
available technicians. 

A. visit to the annual exhibitions oiganixed during the last four years, under 
the auspices of the All India Science Teachers* Association will convince anyone 
that the suggestions made in the preceding paragraph are practicable and that there 
IS no dearth of talent in. the countiy for improving instiuments and appliances foi 
science teaching. Exhibits accepted for display at the conference comprise the 
clToi ts made by the students, the teachers, or jointly by the students and teachers. 
Prizes are offered to the competitors adjudged to be the first and second Iiest in each 
of the thi ee categories The unfortunate fact which looms large is, that the secon- 
daiy schools of only a few of the States in India have taken this activity sciiotisly 
Here is an instance where the latent scientific and technical talent yet temains 
untapped, whatcvei may be the reasons beliind it. 

Role of Science Clubs 

Persons interested in the progress of science education in the country arc also 
awaie of the science club movement initiated during recent years hy the Extension 
Dnectorate of the IVlinistry of Education, Government of India. If this movement 
receives the oncouragement, flnancial support, material help and full co-oporalion 
from the State Governments, the school admini.straiion, the tcachor.s and, the last 
but not the least, donation from the members of the public, il is likely to go a 
long way in improving our standard of science education by overcoming many of 
the lacunae referred to earlier, and arousing in. the young minds the spirit of curiosity 
and love for science. But the information available indicates that response from 
school authorities falls far too short of the requirements, even on a modest estimate. 
It would be idle to expect that in a limited space of four or five years we can catch 
up with the standard of western countries. But if the number of science clubs over 
the whole country does not exceed the figure 500 in four years, the reasons for slow 
progress need closer attention. 

This IS no place and the author pictends no competence to go into the reasons 
responsible for the chequered career of this important national venture. A frank 
exchange of views with some of the school authorities and Extension Directorate and 
oflicers in outlying areas is likely to convince any unbiased observer that the diflicul- 
ties, though varying at times from school to school, arc not insurmountable. Wc all 
realize that the hands of the State Education Directorates all over the country arc 
full at the present moment on account of the tremendous increase in their rc.sponsi- 
bilitios resulting from the successive Eive-Year Plans. Probably wc arc trying to do 
too much all at once. The upsurge for progress in. the post-indopen.dcn.ee era has put 
a strain on the resources in the country, Nevertheless, if there be a question for 
priorities, the science club movement deserves a very high one, because it is likely to 
create conditions in which investments or expenditure on spread of science educa¬ 
tion from the public exchequer can bring in greater and surer dividends. 
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The study of the development of scientific knowledge in schools and colleges i*; 
only of recent growth, and in our country it was even more delayed. Us usefulness 
needs no advocacy. 

A detailed history of the development of science in India w*i3l he a monumental 
work Right from the dawn of history, there are visible proofs even today that 
science did maintain a place of its own in the country. It is tins inlt-mtion of thtf 
present writer to bring up some interesting facts logarding ilic dcvcUiprnvitf of 
science during the reign of Akbar. 

In the court of Akbar, Abul Fazal occupied a place second to none not only in 
state craft and diplomacy but also in vaiious intellectual vmdcrlakings. llss famous 
book Aaye.'en-c-Akbery is perhaps the most authentic account of scienUrH* develop¬ 
ment in Akbac’s regime. 

The study of science in Akbai’s reign is of special significance. It shows that 
his empire was not entirely a military establishment. During an era when «v»vn the 
patronage of great minds by monarchs depended on. military stahihiy of the pairon. 
It is not surprising that Abul Fazal showed such a keen interest in Ihe arms and 
armoury of Akbar. Abul Fazal has written at length of the mughal armoury and the 
king’s interest in it. He has also made a mention of the mamifaclure of guns, etc,* 
Yet the major part of his book is on achievements o'" science in peace. In a militant 
age it IS heartening to find that almost all branches of science came under the per- 
view of Abul Fazal. 

A probe into the books reveals very interesting facts about scientific knowledge 
in that period. Most of the knowledge had been inherited from Indoos and Arabs, but 
its mention in this detailed form is clear indication of the fact lhai people in that 
age were conversant with such knowledge. 

The following may give a glimpse to the reader about the progress «f natural 
and physical sciences in those days. 


1 He IS silent about the manufacture of explosives. Perhaps these were imported. 

2 The author has made use of an Hnglisti translation of Ayeen-c-Akbery, rendered by 
Francis Oladwm, 
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Aayeejtx-<i-A.kbery contains a chapter on i»cien.ce. But all the information or 
relevant facts are not to be found just at one place. These appear scattered here and. 
there throughout the two volumes. Correlation or sequence of topics seems to have 
been of no coiasequence to the compiler of this great book. In those days knowledge 
was not subdivided into compartmental heads like mathematics, physics, chcmisLiy, 
etc. It was treated as a whole and the learned knew quite a lot of every thing, while 
they were masters of some specific topics. We may safely piesumc that Abul Fazal 
knew a gieat deal of what he has written Ills study must indeed have been vast. 

MEASUREMENT OF T.ENGTH 

To start with, let us sec what were the three fundamental units of length, mass 
and time pi'evalent in those days. What wore the standards in use? 

Regarding the different kinds of measurements of length he writes, 

“Sultan Sccundcr Lodoc invented a Gus: in I-Iindu.stan, consisting of the 
breadth of forty one iscundrcc.s and a half which was a round silver com adulte¬ 
rated. with copincr. I-Iemaioon made it complete foity two escundxces. This Guz 
is equal to thirty two fingers; but according to some ancient authors, this Guz 
was in use before the time of Eodec. 

“Sher Khan fixed the crouh (Kos) at 60 jcrecbs each containing 60 iscon- 
dree Guz; and this rule is still observed in the suba of Delhi. 

“In Gujeiat a crouh is the greatest dislanqe at which may bo heard the 
ordinary lowing of an ox and this is estimated at 50 jcrcebs. . , 

“In Bengal they use a Oepeych crouh, Which is the distance a man can go 
at a quick pace without being out of breath. 

“Some Hindoos reckon the cose (Kos) to consist of 1,000 steps made by a 
woman carrying a jar of water on her head and a child in her arms,’* 

From, these we see that the standard for the measureinent of length depended on 
the natural corn of the ’barley’ and only in one case on the stable and easily com¬ 
parable diameter of a com, the ‘iscondicc’. Only in this case do we find a standard 
reference available to avoid inequities. 

“His majesty taking into consideration the inconvenience.s arising from a 
multiplicity of mcasutas commanded that for all purposes there should be used 
only one Guz, consisting of forty one finger,s, and named It the Tiahee Guz', . . 

“The measurement of roads for the ascertaming of distances being an. object 
of Public Utility, His Majesty ha.s given great allention to it and has caused 
distances to be measured in crouhs each consisting of 100 Tenabs of 50 Alaiy 
Guz*, or 400 Bamboos of 121 Guz each By either of this method a cro\fh (Kos) 
contains 5,000 Guz,” 
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The above aivcf, us ver 3 ' interesting examples of a C*ii/ auvt «i t»s xr<Hili <Kos) 

both o£ a Hgx.Wc. and a fi-:cd type. C<=riainli -such n.c-asurtini;nts of I.Timll d.-pandlng 
on humtin or animal effort or on llie thioJtne.ss of animal hair oi ihi- n/.c of a ccrlajn 
corn, must have been hishly unscientific;, apart from all the inconvenience!, iiiv-oivstd 
in using them. Just as human or animal clfoit vrill varj from imlttu.lual (o uiduiclual 
SO would the thickness vary from hair to hair anti iioni coin U> t i>m. 


The following tables taken from the book give vorm.* 
mt-jUiples and sub-muUipIos of the units' of length. 

6 Hail'S of a mule’s tail 
6 Barley corn j 

24 inches { 

4 Guz ^ Make one 

1 2,000 Baghi f 

3 Miles ( 

2 Fursukhs J 5^ 

“According to Hindu PluIosopheri» 


infuMiiafiun abt>ui the 


Harlr> corr. 

Inch 

a«z 

Bafth 

Mile tMecti 

Fnr.sukhs 

licrccd 


8 Barley Corns Stripped of hu.sk 
24 Inch 
4 Dust 

2.000 Dehnucks 
4 Cose 


1 

L Make one 


Inch 

Dust for < ubif n 
(>und (i*i Ochniick I 
OomJi t»»i 
Jow;un‘" , 


The knowledge of tt, the ratio between the circumference .onl a tli.'imcter ol 
a circle has been attributed both to the Hindu and the CJrcek. 


"The Hindus were not ignorant of the i ule which has been hantletf down 
among the Greeks from Archimedes': which is tliai the cu -umfcrencc to the 
diameter as twenty two is to seven. . . , 


"Also, it IS evident Chat the Greeks were Ignorant of the Himloos rule, for 
if they had possessed it, they would not liave failed to mention it. . . . 

"The diameter being multiplied by 3,927, the circumference is to be 
divided by 1,250 when the quotient will be circumference of the circle." 

These figures whan worked out give the value of tt a.s 3.1416, correct nirnast to 
the fourth decimal place, as compared to the present accepted voliie. 


MEASUREMKNT OF MA5?S 

Like the standards for the measurement of length, ihere were a number of 
weights prevalent in the country. Also diflerent weights wore u.secl for different pur¬ 
poses 

For bigger measures the present Indian weights, the mauud and the K<ser were 
lu use, and for smaller masses, tolah- mashah and the rattl were in vogue. 
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Tn addition to these, there was the miskal-a weight used in measuring the 

mass of gold. 

“From the ancient record of some naonastciics it appears that the Greek, 
‘miskal* has been for a long time discussed, and it was two keeiat less in weight 
than this. Ptei e we find a comparison of Indian weights with those of the 
West, .suggesting the existence of trade in valuable metals between India and 
countries of the ‘West.’’ 


An idea of itilslcal may be had fiom the following table. 


6 Mustard seeds 
2 Barley corns 
2 Habbehs 
4 Tessuj 
6 Dangs 
I 2 Zeeraha 
6 Kitmeers 
6 Nekeers 
6 Fctecls 
1 2 Fulls 


L Make one J 


Bailey corn 

Vlabbch 

T essuj 

Dang 

Miskal 

Kitnicer 

NTckccr 

Feted 

Ful 

Mustard seed 


These two tables giva us a fair idea of the .submullipJo.s of weights. The 
accuracy that was aimed at was tip to 50 thousandth part of n mustard seed. From 

1 

the table one Zeerah works out to be equal to 31104 ^ mustard seed. 

Yet there is no indication of a standard mass being preserved anywhere. What 
mea.sLires the state took to standardise weights and to have n check and control on 
them are not indicated. Any evidence to this effect is also lacking about the standards 
in length. It IS only to be presumed that there must have been .some means of a 
check in the state treasuries where taxes could be paid in any form, cither in 
coins or in kinds of articles which could be weighed and mea.sured, to be the 
equivalent of the taxes accruing on them. 


But at one place Abul Fazal has mentioned. 


“In order to prevent fraud His Majesty has further commanded tliat the 
barley corn shall be made of agate.” 

This shows that the idea of pre.serving a standard weight was there. Agate is a 
very hard stony substance which will not easily wear off. 

The balances used and the methods of weighing must have been highly accurate, 
as is borne out by the fact that the densities of a number of substances determined 
by them arc in very close approximation to the values accepted these days. For 
instance, the relative weights for the same siz:e of cubes of each kind of metal agree 
fairly well in fheir ratios with what we would determine now. 
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Xhc table givoii below will illustrulc this* 


Gold 

100 

Mei cury 

7 1 

Lead 

'39 

Sliver 

5-1 

Iron 

40 

Copper 

45 


They called this cUfference Ln weights of the same volume of substances, specific 
difference 

They knew how to compare the densities of substances by comparing the 
masses of cubes of equal sizes as well as by the hydrostatic method of doterxnining 
the quantity of water that the same mass of dilTorcnt Kubslanccs would displace. 
The values for specific gravity calculated from their leadings agree fairly well with 
those accepted in our present time.3 

It is fascinatlTig to note that though they had such u liigh degree of accuracy in 
these ineasurcinents, their notions about the constitution of matter wore stiU pri¬ 
mitive. This will be evident from the following paiagraph. 

“All metals aic compounded of vapour and oxhalaLions, which are formed 
of the four elements; consequently that mixture wherein there arc abundemeo 
of fire and ail, will be compaiatively lighter than those which abound with 
watery and earthy particles. So that cubes of equal .sizes of each kind of metal, 
will differ from one another in. weight . . 

iVlEASURFvIVIBNT OF TIME 

Quite from olden times the rhythms of nature have provided standards for 
time keeping. Abul Fazal has mentioned the motions of the sun and mooi\ and the 
heart beat as the basis for time unit. And he has a!so CTtplaincd a man-made machine 
for the measure of ‘ghurry’. 

The day was divided into sixty equal parts called ‘ghurry’. Ghurry was divided 
into sixty equal paits called ‘pul’, and pul was divided into sixty equal parts called 
‘narry’ or ‘bepul*. The narry consisted of six rcspiration.s of man of temporatc habits 
in perfect health, while at rest. 

ASTRONOMICAL MHASLJRE 

In astronomical calculation the ‘ghurry* is difTcrcnt. The breath respired was 
called ‘swas’ and that which is inspued ‘purswass’ and collectively they call it 


3 Cf. Nigama, U.S. 1954. Note on Densities Scie/ta? <<.' Cult, 19t 610 
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‘puran’. Six pin aiis make one pul anti sixty puls make one asli onotnical f;huriy oi 
hour, 24th part oT a day and night. Thus one astronomical ghurry is equal ic> two 
and a half of the orcXinaiy ghurry descrihed earlier. 

At one place he wiitos, 

“All nations compute time hy days and nights. The natuinl day in Tin an 
and in Europe is computed from noon to noon. In China a*id Chinese T..iiiai> 
they reckon it from midnight to midnight, but the gencriillv of pear^le reckon 
from sunset to sunset.** 

On the same he goes on to state : 

“Accotding to Hindoo philosophers ihc natural clay is thus computed' 

In Jumkole, which they make to be the eastern extremity of the globe, fioin 
sunrise to sunrise—--in Roomak the westcin cxtiomity. from sunset to sunset 
— in Lunka the southern cxtiemity from mid-night to mid-night; and in I'^clhi 
also they reckon in this manner*—in Suddaporo, the norlhein cxfremiJV, from 
noon to noon. The artificial day consists of a complete revolution of the sun 
round the earth, without making any allowance for Its retrograde nu^tion. 

“In the astronomical table of Nobatec, the difTcrenLC bclNvccn it naturnl and 
an artificial day is made to be fifty-nine minutes, cighi scetinds, eight 
third, and Forty six fourths. Were he quotes a nunibcr of difTorenl tables and 
the differences found, by them and assigns those disagreements to the clifTerence 
of skill or the defects of instruments. 

“The year and the seasons arc computed from the sun’s revolution round 
the zodiac. From this quitting one point till his return to the same again is a 
year. The tune that He remains in one sign is called a solar month. The time 
that the moon takes tn going from one conjunction with the sun to arvolh«'r, or 
from one apposition to another or such like, is called a lunar month.*' 

Let us now look to another view of the ‘ghuiry’ that he has mentioned ; 

“The Hindoos say, that a man of temperate habit in full health, respire®: 360 
times in space of ‘ghurry’ or 21,600 in course of a day and night." 

It is significant to note that the respiration lime a.s calculated from their 
standards i.s almost the same as we find recognised normally to-day, L.e,. 4 second*'?. 

There is a mention of a number of Eras, some of which must have been pre- 
\alent in the different sections of the population “creating confusion of dates, 

“.His Majesty in the 29ih yeai of his reign ordered that all 

old dates should be discontinued and a new one substituted in their stead .. ** 


We again notice here the effort at maintaining uni'ormity in reckoning years. 
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Alention Is also rnacle of J. iiumbci of obsci vatories, iilong willi tlio nviinbci of 
yeai'S they had l>een in existence 


A.bul Fazal also mentions the use of almanacs called Puttcrcli hj* the Hindoos. 


MACHINES AND TECHNOLOGY 

It IS generally believed that our knowledge in the Field of niachtnes and 
technology was very deficient, and probably liglitly so. The folU>^vlng will help 
us to foim an idea of their achievements in thii* iicid also. 

The armoury was faiily well developed, and “excepting Room (Rome) no 
kingdom cun compare with this in the number and variety of its ordnance.’* 

*‘Some pieces of cannon are so large as to ca* ry a ball of 12 maunds; and 
others require each several elephants and a thousand bullocks foi their 
transportation. 

**His Majesty invented 'several kinds’; sonic of which arc so contrived 
as to be taken to piece.s for the convenience of carnage and when the ai m>‘ 
halts, they aic put nicely togethci again " 

‘BundooRs arc now made in such a manner Ihut when filled wJlh powder 
up to the muzzle there is no fear of their bursting. Formerly they never 
wore moie than, four fold of iron and sometimes only one joinied logeiher by 
their two extremitie.s of the breadth, and u'hich wore very dangerous. His 
Majesty after having the iron flaltenccl has it volled up like a scroll of paper Vivil 
slantingly, and every fold is passed through the fire. There is also the follov.^^ 
ing method. Solid piccs of iron are properly Icnipcicd anti then bored with an 
iron borer; and three or four of these arc joined together to form u bundook*’. 

This shows that making barrels by the mcDtod of boring was al.so I'ioing tione 
This information is followel by. 

“Formerly it required, a great many men with a number of iron tools to 
polish the bundobks, but His Majesty ha.s invented a wheel which is turned 
by a single bullock, and polishes sixteen muskets in a very short time/' 

Speaking of other machines he writes, 

“His Majesty has with great skill constructed a cart, containing a coin mill, 
which IS worked by the motion of the carriage, I-Tc ha.s also contrived a carnage 
of such a magnitude as to contain several apartments, with a hot bath; and it is 
drawn by a single elephant. This movable bath is extremely useful, and 
refreshing on a journey. • 

“He has also invented several hydraulic machines, wJiich arc worked by 
oxen. The pulleys and wheels of some of them are so adjustoU, that a single 
ox will at once draw water out of two wells and at the same time turn a mill¬ 
stone.” 
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AlcbtiL' niList have possebseci j^reai invenUivc scniLis to have bo many mechanical 
conLiivancos attributed to him. Perhaps it was his prc-occupation with such 
thoughts that did not leave him time for learning to read and write, and left him 
illiterate as the hisLoiians call him. 

Abul Pascal mai ps out that the depai tment of navigation flouiished well. 

“Every part of the Empire abounds in boats .. . In the maritime pro¬ 

vinces ships are built of a size for sea voyages. And also at Allahabad and 

Lahore ships are built and sent from both places to the ocean”. 

CHEMISTRY 

The science of chemistry seems to Wave been fairly well advanced. They knew 
the process of refining gold and silver, and were acquainted with a number of metals, 
but the author has not made a mention of more than eight or nine metal.s. 

Strangely enough no emphasis is laid on alchemy, though they regarded gold 
made by the touch of the Paras (Philosopher’s Stone) to be that of the best qtiality, 
as they thought it would contain no impurity. 

They had a number of methods of comparing Lho of gold by the loucli 

stone. 

They knew about the extraction of some metals. And they could also identify 
the ingredients of an alloy. Yet systematic chemical analy.sis ha.s not figured any¬ 
where In the book. 

The King was very fond of scents and hence a number of prcscriptlon.b for 
different kinds of perfumes have been noted by Abul Pazal. 

The mention of medicinal shrubs and herbs is comparatively small, though 
‘Ayurveda’ must have been very much in voguc. 

Then he passes on to discuss the coinage system of those limes and the minting 
of coins. 

In the field of geography he describes the boundaries of 'Jummoodeep’ which 
was Asia. 

The discourse on geography includes a discussion on finding latitudes and longi¬ 
tudes, and a table giving latitudes and longitudes of a number of places is also 
appended in the volume. 

Let us now have a glimpse at the natural sciences. 

In the field of botany, we find mention of a number of different kinds of wood, 
a very large number of flowers, their colours and the seasons in which they bloom. 
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There is also a raention of a variety of indigenous and imported fruits along with tiic 
names of places wheie they came front. 

About sandalwood he writes, 

“This tree is a native of China. It has been brought to Hindustan in this 
reign and thrives very well ” 

This statement is woi th investigation. How and wlien was it actually brought 
and in which part of the country was tt fii.st planted? Htd it or did it not exist in the 
south of India prior to the reign of Akbai? There is such piofuse mention of llie 
use of sandalwood in the early scriptures of the Hindus that it is almost incredible 
that it was not there prior to the leign of Akbar. 

In the held of zoology, he has written at length about animals and liirds. Parti- 
ctilai attention has been paid to the capture of elephants, llicir upkeep, etc. This ' 
animal was of great use in transporting arlillcry. A fairly detailed mention has been 
made of the horse, the mule and the bullock, their upkeep and their hrciid. lie has 
even made a comparison between foreign and country breeds, the Ketch and the 
Arab, etc. 

In the second volume he writes about birds and beasts of Windu.slan and the 
following passage on p. 400 is rather intriguing. 

“The Bun manus is an animal of the monkey kind. Ills face has a near 
resemblance to the human; he has no tail, and vvalk.s erect. Tlie skin of hts 
body is black and is slightly covered with hair. One of the animals was brought 
to His Majesty from Bengal, His actions were very astonishing.' 

This statement needs investigation, and verification. The chimpanzee or the ape 
has so far been supposed to be foreign to our country. 

There is a very long chapter on astronomy in the book. This has not been 
touched in this article, at all, as it was tending to become too long. For the same con¬ 
siderations the subjects of chemistry, geography, botany and zoology could not be 
given a proper deal. But Aayeen-*-Afcbery indeed opens a big window to the realms 
of medieval science. 



ON SCIENCE EDUCATION IN SCHOOLS 
U. P. Basu 

Bengal Immunity Hesearclt IiTStJtnt^, Calcutta 

Although science teaching had no prominent place, science has always foi mecl 
an integral part of our education since lime immemorial. From the latter part of the 
19th century science and with it, technology, have advanced far to increase the powei 
of man, and are gradually expanding the stature of a nation. Today development 
of modern science means enhancement of the prosperity of the country It is a 
problem for us in India how with a per capita income of only Rs. 330/~ per annum, 
we may go ahead with our nation-building programme after feeding miliions of hungry' 
mouths. The economy is to be improved and this is pos.sible only by mcrcasin.g the 
agricultural and industrial output. This can be clone by developing our leclinology 
through education in science. In this task the biggest problem would be fixing the 
pattern of secondary education, and pioviding qualified and competent teachers in 
science. Teachers will have to kindle in young aspirants coming from the primary 
schools the fire of enthusiasm and a desire to receive higher training in science and/or 
technology at a later stage. A short cut method has lately boon adoiited by introduc¬ 
ing in the 11-year school course a stream of science training. But there mu.sl bo a 
band of teachers in the various disciplines of science to train boys and girl-s in a way 
that they may meet the increasing requirements of high-skilled .specialists for the 
economic and technical advancement of the country. 

PATTERN OF EDUCATION 

We are in a dilemma with the diflcrcnt aspects of our problem in educating 
children in science and technology. Perhaps difficulties are created by the fact that we 
try to imitate the methods that have been followed in other developed countries. The 
fundamental object of education is not only to Impart knowledge, but also to develop 
a moral character in order to lead the individual to the perfection of his abilities and 
powers. It is for this that education .sliould not .slop at any stage, but should continue 
throughout life. If this be so. then the method that prevailed during earlier centuries 
in our country, namely, llic one based on Ihc piinciple of training through ashrams 
is the most original. A critical scrutiny would reveal that this princlpjo has been 
adopted by many nations suitably adjusted to their social and economic condltlon.s. 

NEED FOR WELL-TRAINED TEACHERS 
Our country is in need of food, cloth, materials for housing, and requisites for 
maintaining good health. As such science education should be oriented from the 
very beginning to enrich the boys with the idea of making the country self-sufliclent 
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in the above icspects. iVIoie abundant water, better methods of a^iictiUure, mote 
fertilizers, diversification of ciops, better tools foi culUvation, requisite electric 
power, production of goods that are essential for the masses and siniilai LhinRs would 
demand a training in well-adapted indigenous technology based on scientific 
principles Unfortunately, however, Indian science tends to be acadcmit^ Physicists 
ai e abso'.bed in tlieoictical interpretations, chemists are engaged in the solution of 
problems of chemical kinetics oi slructiiies, and biologists are circaniilig about issues 
not: directly related to our immediate problems. Will scientists anti I cchnologists 
trained in this atmospheic be able to tram youngsters in .schools to amel¬ 
iorate the conditions of people with poor resources? The young .scientists 
when in piofcssion have not only to apply the knowledge that they have acquired 
in the class rooms of their training centres, but also to solve many problems which 
might not have been included in their curricula. This would need the acquisition 
of basic knowledge in the course of their study .so that the chiUiien may be 
taught by teachers with a deep insight into the subbed and the wisdom to tackle a 
problem. 

The piescnt system of education jis mostly divorced front the practical asitecls 
ol life. Students are taught to learn the printed words of the hooks; Llicy are not 
taught how the described information mingles with fact.s, events, and .surrountllngs. 
With the above notions they engage themselves in receiving higher (raining, and arc 
trained in special lines with very little basic conception of any piobJcm. As a rc.suJt, 
when they come out and enter into any x>rofossion, they finti tiie .sui roundings un¬ 
congenial after the peaceful atmosphere of the training cenlrcs. 'rho mental apathy 
thus accruing prevents application of their ideas and retards intorcsl in the practical 
field. The Gountiy needs students with wide and liberal education. liesUles pro¬ 
ficiency in scientific knowledge and technological education, they must po.ss-e.s.s a 
good knowledge of literature and history specially in rel.ilion to the custom. .systGin. 
tradition and belief that exist in a society. These help in the formation of a .sound 
judgment, and a knowledge of the human mind. I-or llie success of any .scientist 
in profession the above two are essential qualification.s In order to foster the above 
concept in the boys, teachers must be veiscd in academic knowledge as ^ve^l as 
possess a reasonable experience in the practical field. This moans, toacliers to be 
recruited, must not have only one way of tiaining from school to university .stage 
but be nurtured in a professional field like trade, commerce or industry as well. For 
this purpose, science experts from dilTercnt practical fields sliould b(' invited to 
[ectuie on subjects of their special expeiicncc. 

METI-IODS OF XKACUIJSrO 

The intellectuals of our country arc in general agroement lliat the system of 
imparting education, particularly in science needs icnovallon. The botlle-ncck, 
however, lies in procuring adequate funds for Improving the current sy.stom; hut no 
less an obstacle would be found, in an infeiiority comtilox developed under an alien 
bureaucratic rule. Wc have lost sight of the advantages of our ancient life; at the 
same time we have also not been able to assimilate the neo-coneept of corporate lifo 
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that IS demanded in a inodein industrial society. In the United KitiRclom, childicn 
develop coi porate feclins tbrouRh congi egalionnl instiuctioii and group activities in 
their schools. It is to be seen whether a religious training in-ii^arLccl collal orally with 
education on scientific humanism, will give a itcw^ enthusiasm to oiu boj'S and girls 
in moulding their habit of work, for the good of the common man. Tile spiiit. if 
acquired, will certainly help them in ofXcring a sustained .service to the stale, univci - 
sity or Industry. For such moulding we need the services of highly enlightened and 
properly trained teachers. They are, however, to be cnrefuJly nurtured in btuly and 
mind. Thcie are other factors which must not be lost sight of. Fixation of curricula, 
the question of language, health and living conditions of the student.s, methods of 
judging their merits, offering oppoi tunifics for gaining piactical expeiiencc, ami 
similar problems need caicTul .study, especially, as science is priigrcssing lapidly. Il 
is becoming difficult to acqunc the knowledge developed cvoi .since 1900. or be lulls- 
acquainLed with the developments that have taken place within the last decade. Tin- 
problem is somewhat complex in India as diilcrcnt .social systems may hamiici the 
fixing of a common methodology. .Segregation of students varying widely betwvrn 
the limits of iiitelUgcncG and that again from difTcrciit zonc.s should !>e made under 
careful supervision of expoit psychologists and they should be put in schools ti> 1'-- 
managed by a central authority foi tiainmg in inodci n science and lcchnt>logy. The 
system may help in national intcgiation and vilso in creating l-»cttcr lalcnis in the 
country. The toacheis aie also to be recruited after practical proof of tiicir eilKicrny 
in teaching work, method of delivery, patience, mellowness of temper, and kneiwlcdfic 
about the cuUaial tiends of the countiy. IIoic the cjiicstion of recruiting wontrn 
teachers at least foi teaching at the lowci stage of education also arises. We will 
then have to think about co-education pailieulaily as wc arc moving for impaifinri 
science education at the .school level. 

EDUCATION 1 OR IN'I hCR ATION 

The education of any individual is influenced by thice factors (a) the atiiiutlv 
of patents, (b^ the i^olicy of the Government, and ('.c') the capabilities of teachers. 
JVIany of oui parents considci education to be the means of .securing better in 

life. They do not give any cultural value to stiencu education. Teachers cngagc^l 
in teaching have not al.so been trained and nurtured with the concept of ^IcveUiping 
science for the benefit of human society. iVlany are yet to be convinced that scientific 
knowledge can piogre.ss only by co-operative ventures ami mutual respect for ilis- 
covered facts. Study of science induces growth of loyal co-operation and a miitu.il 
trust and confidence amongst jicople of divergent disciplines. This is aqu.dity which 
IS absolutely cssciilial for national integration. In no case should education he mixcil 
with politics, and CoveinnicnLal policj* should lie .specific on this issue. Pohitval 
control of education is a favourable bi ceding grotind for the philosophy of aulhoi iiy, 
Lind in condiaon.s may give rise to evils. Teachers, working as ‘gardeners*, will then 
naturally look after their ‘plants* according to their own choice and need, but not m 
the inteicst of the nation and the socictj'. The object of education is to provide an 
individual with the best that the country can pro\ide. Here again a distincliun 
exists between science education, and education in, classics or literature. It is a fact 
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that the subjectmatter in, science and technology is increasing while the time 
available for study remains the same. On all these counts science education in 
schools and colleges Is becoming mUicate, and this is more so in. a resurgent country 
like India. 


CONCLUSION 

If science is to be developed for the betteiment of the people, students must 
be very cai efully trained in the elementary and secondary stage of science education. 
A. critical siiivey would show that an inadequate practical education is also partly 
icsponsible for training students inadequately at the higher level. Mathematical 
conception should be very cieai for those who desire to develop their career in 
science, and as such, moie stress should be laid on matlicmatics. Htirlher, stu¬ 
dents must engage themselves in more o>cLra-curricular work. Thi.s is nothing 
new in India, as here in ancient times pupils used lo work in diversified fields during 
their training. As advancement of science will defeat its puipo.se unless it is trans¬ 
formed into some utilitarian use, a belter under.slanding of human needs i.s cs.scnliaL 
This IS to be clearly conceived from the very beginning and the whole school cour.se 
should be adjusted accordingly, and followed with precision. It i.s in the school 
stage that childion who are being trained in science, must be infused with a love and 
respect for the principles of a .socialistic society, and then it would be easier for 
them to become scientists to meet the needs of the country. 



aSE OF PLASTIC MATERIALS FOR SCIENCE TEACHING 

P. S. V. Rao 

B.E.Hvl. Ihah Schaol, Mans^^llc>ro 

We are living in an age of plastics. Varieties of articles made from this wonder^ 
ful material are available and soma of them can be used for science teaching. I hey 
aie comparatively chcapci than glass articles. Besides being liansparent they arc 
not as brittle as glass. Further, many apparatus can be improvised oui of them 
without tools 

I have used some of them to improvise npparatu.s suggested by the UNIISCO 
Source Book for Science Teaching and other hnntlbooks for science teachers. X 
have given below a few of the uses to which I have pul those articles 

PLASTIC BAGS 

Plastic bagf, ate available in assorted si'/;es. They can be procured without any 
cost. They can he used in the laboiatory lor various purposes. 

. Transpiration: The plastic hags can he used to demonstrate ti anspiiaUon. 
Figure 1 shows the method of using tho.se bags, Tlio advanlagc.v arc «bvit>iis. 

Storage and display: The plastic bags can also bo used to store scciis. Tigurc 2 
shows the method of displaying the stored seeds. The hags may he mounted on 
plywood discs with drawing pins. They make attractive exhibits. 

Coverings: Skeletons of bird.s an'd animals can be covered with plastic hags. 

They prevent dust from settling on the skeletons. 

CELLOPHANE 

■ Cellophane strips can be used to show osmosis. A piece of cellophane tfrnm 
a cigarette packclj is tied tightly across the mouth of a thistle funnel witli cotton and 
the joint is made water-tight with Faraday’.s cement. (Mclhocl of preparing thh- 
cement is given on page 19'> of the "UNESCO Source Book for Science Teachingj. 
Figure 3 shows the method of setting up the experiment. 

PLASTIC BOXES 

Vaiicties of boxes in a-ssorted sizes and shapes arc available. These boxes egm 
be used for various purpose.^. 

Square Boxes; 

These arc very useful for displaying crystals. Small crystals are mounted on 
corks cemented to the base of the boxes. Figure 4 shows the method used. 
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crystals may be placed m the boxes without a mount. The hds may be sealed. This 
prevents the unnecessary handling of crystals. Boxe,s of uniform size make attrac¬ 
tive exhibits in the laboratory Squaio boxes may also be used to display minerals and 
rocks. 

I have used the square boxes to improvise the show how watoi 

Bows m a tuba as suggested by the UNESCO Source Book for Science Teaching. 
Figuie 7 show.s this apparatus Holes aic made and enlarged to the re<|iiired size by 
means of a red hot nail. The joints arc made watertight by us'ing a piece of lUessuie 
rubber tubing slipped over the glass tube as shown in the sketch, 

Round Boxes: 

These can be used for improvising a large number of apparatus, 

Ta7tt€ilu5 Clip * The usual apparatus supplied by dealers often leaks at the 
joint and the cup is also very narrow. Figure 5 shows how to inakc one using a large 
plastic box. 

Flush Tank. Figure 6 shows the use of a plastic box in iinprovmlng a nusli tank. 
The sketch is self-explartatoiy. The lever is attached to the side of the box with the 
help of a clothes peg. The string is attached to the pill lube by means of sealing 
wax. 


Volta^neter: The School Science Review of June 1958 contains a suggestion for 
using old light bulbs for lead-in-wires. The piece of old fluorescent tube suggested 
for making the cup of the voltametej;* is too narrow. Further, it is diflK'uIt to cut 
the tube. I have prepared a voltameter using a large i^lastic box for the cui'. Figure 
S illustrates the method of preparing the voltameter. 

Overflow Caix' Large plastic boxes can be used to prepare overflow cans. A 
hole may be made with a red hot nail in the side of the box. Tlie hole can also be 
enlarged to the requhed size. A spout made from a piece of tin Is iiivSerted into the 
hole and cemented with Araldite (cement manufactured by CIBA). 

Card Compa.ss: A plastic box may be used fo prepare the caid compa.ss sug¬ 
gested by the UNESCO Source Book on page 147. The thread carrying the needle 
may be passed through a hole in the lid and tied to a match stick. 

The above items show how some of the plastic articles can be used for making 
improvised equipment for science teaching. In a country like ours, where schools 
are poorly equipped, the possibilities of using plastic materials are wide and varied. 



BIOLOGY AND SOCIETY 


D. Shankar TSTarayan 
(J 72 it)ei'sity Gi'ants Cnmmission, Neiv Delhi 

The human society is credited to consist ot gifted 'social* animals but il 
seems rather immature and to be so impeifect in its socialisation when compared 
to the level of social life attained by certain lower animal groups, particularly cer¬ 
tain insects like ants, bees, termites, etc. Every individual in the human society 
seems to crave for social integration with his fellows, yet it would be extremely 
difficult to persuade him to abate one little of his natural desires and appetites and 
every individual would i*esist to the utnaost any profound specialisation such as 
would be demanded by the principle of the division of labour in any perfect 
society. The social problems of human society may be quite insoluble and compli¬ 
cated but It could do much better than at present, if it solved the three fundamen¬ 
tal problems of nutriLion, reproduction and social defence m much the same way 
the tei'mite society did nearly 50 million ycais ago, the latter society founded on 
sound biological principles. 

The great majority of insects arc solitary in their mode of life, each living for 
itself except at mating time. Beyond placing the eggs or their offspring, either by 
instinct or design, the parents usually take no interest in their ofTspring, The 
parents usually die before their progeny mature and consequently there K no 
opportunity for parent-offspring refationsShip. 

However, there are certain other groups of in.sect.s whose species have a .social 
inode of life In the teimltes, ants and social wasps, social life is W'oll developed 
and complex, embracing almost all phases of individual nctivitie.s. Other insects 
show interesting tendencies through such phenomenon as maternal care. social 
larvae and community development. 

Among insect .societies, the female insect occupies the most dominant posi¬ 
tion, she being the foundation, the pcrpcUialion and the multiplication of species. 
The history of development of 'whitc-anl* or termite society, as narrated by 
William Morton Wheeler^.s, neotenic King of the Dynasty of the Bellico.se termitOH 
IS vividly illustiativc of the biological considerations on which that society was 
founded and has flourished through millions of years. 

According to tradition the ancestors of the present-day termites descended 
in early cretaceous times from certain kind-hearted old cockroaches that lived In 
logs and fed on rotten wood and mud. Their progeny, the aboriginal termites. 
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altl.oush in.lAally confined lo this unptom.sm!; diet made Iwo imi'O.lanl d.scvcr- 
ics KiLSt, they chanced to pick up an a.ssoi tmen L of Proioxoa and Faicte. ia and 
adopted thent as an intestinal fauna and floia because they veerc able to under 
rotten wood and mud moie easily digestible. The .second discovery. <.,inle incidental 
but more important, was nothing Ic-ss than socielv. 


Peihaps, tliG teimitcs at iirst allowed their oiTspiing In diifl biiL st>oJi found 
out that the fnltv dernml secietioiisS oi cxudiites of the yoiirig wcio delicious food 
and. that parents could reciprocate' with similar esuilalcs as well as with ruguigi-r 
tated, predigcsted cellulose. This maiked the beginning of family hfe. ftir nn elabo¬ 
rate exchange of such exudates, the ‘social hoi moncs* whicit continually circulating 
LhioLigh Lhc community bound all individuals irv one syntropic unit, .satisfiCtl to 
malce digestion of wood a seiious occupation and swappvn.g of each other’s exudates 
a delight of leisure moments. Thus it is said that this society arose from a eo-opcia- 
Live iTQutualisna of syn\biosis. These individuals did not start a soeicly because of 
the platonic thought of loving one another but they loved one anothci because (hey 
wete so sweet. The society saparvened as a neccssaiy and iinforseen hy-produci. 


Such a society embarked on its career with most brilliant prospects because 
the woild was full of rotten wood and mud and no la^v.s intcrfui’ccl Nsaih di.sjtiUing 
and imbibing social hoimonos But the vciy comfortable situations they enjovecl 
niade them strike a snag in the mid-cicluceoiis era. Not only had till the membors 
of society begun to reproduce in the wildc.st and most uniogulnletl manner hut 
their behaviour toward one another started deteriorating and all tindosir;dilc ele¬ 
ments such as profiteers, graifters, criminals, morons, focble-niindcd, idiots and 
insane began to fill the society. The few sane Icimitc.s were thinking of rclmning 
to solitary life. But the situation was saved by a royal tcimllc wlio introduced .such 
reforms as to lead the termite .society bade to its glory as a most highly intogrnted 
social oi’ganisation. 


This termite had. the happy thought to refer the problems of social rofoim Co 
biologists, who were, of course, few and busy with tbeii own in somu rcniotc cor¬ 
ner of the termitarium These biologists were rounded up to meet in a suriesi of 
conferences foi putposes of stridulating about the relation of biology to society. 
A.fLei several million meetings they adopted a splendid progran\me for the regene¬ 
ration of termite society 

These biological reformers started with the presumption (hat a lormilte 
society will not survive unless it is constructed, on the plan of ii super-organism 
subject to certain fundamental laws normally applicable to an individual organi.sm. 
Its success will have to depend on the solution of the three basic problems of 
nutrition, reproduction and protection and these problems cannot not be solved 
without a physiological division of labour among individuals, of the society the 
sowing of seeds of classes or castes. Thus the teimite society became tlivided into 
three distinct castes according to the three organisational needs and functions, 
the workers being primarily nutritive, the soldiei's defensive and the royal couple 
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leprodiictive. Unlike in nnts. those societies remained bisexual* there heiny both 
male and female woikeis and soldiers These two castes weic forbidden tt> 
wings ol repioduce and the royal couple were reliovecl from all the laboui of 
sccuiing food and defending the Lcimit.nium in ordei to devote all their eiierga^’’’ to 
1 cprodaction- The eaiiying out of this icfoim icsiilted in .lulomatie i egiihlttot^ t>f 
the size of the population to correspond with food supply anti facilitMting prodiit- 
tion of perfect offspring mark line beginnings of family planning. 

The practical geneticists among them look over at this ptnnt and made two 
important contributions. (I> The plant breeders found it useful to concert the 
communited wood remains into spongehke structures and ulilisetl lliom for grow¬ 
ing mushrooms, selected caicfully for their vitaniins lo piomote giONVlh of lepio- 
ductive cells. Foi the latter leason, only the loval caste and the voung tif othci 
castes weie jicimittcd to feed on this mushroom food. (2) 'I'he nmm^d biceilers 
biought in adoption a number oi beetles and Hies and eared for llu*m till they 
developed exudate organs- thcieby converting them into 'cattle’ whose cxmlal'es 
served as ‘milk*. 

WIiilo these reforms wcic in piogicss, the aniiichisi eh'nicnts of the I.ih" 
CMCtaceous pciiod levolLed against the icfoimcr.s hut by r.ocene tertiary eia llic 
society had developed .strict measures oC dealing willi any lerrnile lh»il ilepaiteil 
fj oni the standards of the most pcifect social behaviour. 'l*he culpiil >\sts genciaily dis- 
mcmhcicd and devoured by his fellows. Rigid 'eiigonics' by eoiilining I'epi’oduc*' 
tion lo a special C£is(.e, rigid onfoicenieni of icgulalions rotiuning all anti-soeiaS* 
disea.sed and superannuated individuals lo be promptJ.v tli.sposotl of, resultcil itt 
peifect ethics and hygiene by the midoictaccous x^ciiod. 7‘he probleiii of .socitil pro- 
Lection was left to an army of coolheadod couiagoous soUHers ir> be employed n«>t 
in waging war but solely foi defensive purposes and building fortifiCvUmns. 

The most gloriously phy.sogastric royal consort is kept hu.sy with i)s ii>«»si i n»ii. 
laying an egg eveiy three minutes for aJmo.st four lo live years i.‘c>nlinuoiisI> anil 
producing as-many as 2,50,000 individuals, all perfectly boin and each pci fin m- 
ing Its lespective duties, obcyiiig the regulations and dedicated to the sucicss of 
the supcr-oiganisn^—the termite society. lies lOyal higlmess is caiefull> fcik has 
all the leisure in the world and broods in the royal cluimber kept iieifecily a i von 
ditioned and noise proof save for the dropping of hcM* majesty’s eggs and Hie soil 
foot falls of the workers eairying away the germ.s of future populations ft> ihe 
nurseries. 

At certain Limes of the yeai swarms of wingOtl se.xual forms i.ssuc fi oni llie- old 
colonies and disperse. After their llight, these forms alight and wings fall ulf. Males 
and females paiii olf and togcthci* begin a sniall excursion for new nest Ac this 
stage, the mating occurs and later the female deposits and \%aic)ies o\c-r licr first 
brood of eggs. She feeds the first young with saliva and other socrolians. Ihus a 
new colony is founded. Soon aftci' hatching the nymphs are self-reliant and feed 
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themselves and parents also. From this time on, the oriyinul male iiinl remalc, 
called the loyal pair, perform only the function of reproduction. In the cai ly slaves 
of colony, provision is made for having a substitute repi odLieli vc caste that may 
become fertile and. lepiace the royal pair if the latter die. 'I he termites have llius 
piovided for emcigent situations as well. 

This society has remained in such petfcct stage since the beginning of Focene, 
for the past 50 million years or so mainly for the loason that this society was 
founded on sound biological principles. 


[Source. W M WrrniLnR Cia65-1937)- Paper read at the Symposium of tlie American 
Society of Naturalists, Princeton, Dec. 30, 1919 and Hrst published in the 

Scientific Afo/ithly, Feb. 19201 



ARE YOU TEACHING IN THE 20TH CENTURY? 


RlCHARn JVlAYO-SMirH Jw. 

Litaracy Hoiisct Ltickuoio 

On the wall at the entrance of a teacher tiaiiiins instilutc in IrKlui stands .i 1aij;o 
blackboard. On this boaid is wiitLcn a long list oi llic L[iicililies of a muid tcadici. 
It IS an awesome list. In this article I would like to stiggest a much hiicfci luiilciiini 
but a very testing one nonetheless. It is sinipli tins: How often in yoiif scicni..c 
classes do you say* “That is a good ciueslion. I do not know the answ’cr. How can 
we find out?’* 


MOW FAST DOES SCIENTIFIC INFORMATION CROW? 

Science is the name given both a group of mciliods for accuniulating know¬ 
ledge and to the knowledge accumulated by these methods. An <niisiarj«.lmg 
characteriistic of science, particularly appaicnt in icccnt yetus, is the incicjsing laic 
at which scientific knowledge accumulates. This can be staled in dilTcreni ways, hut 
perhaps the easiest is to say that the amount of signihcanl information is ^Joubling 
every ten years. The amount of knowledge available now is twice that of IVli. 
four tizTies that of 1942 and eight ilmc.s that of 1912. 

Pause a moment and consider what thhs .siulcnicnt really means: 'I'he unittuni 
of significant infoimation in science is doubling every ten years. What ha.s this jncaiii 
in your lifetime? Rocket tiavcl in space, hydrogen bombs, anlibiolics, iclevision a 
whole host of changes beyond the vision of most who weic ahvc in H). 

And what will the next decades bring? One thing hs certain; Lhc> will iMinj; 
changes greater than any you can imagine. Let me give you just one example. What 
do you think a library of the future will be like? Hero is the best guess of the 
American Library Association. Using a technique known as photoohroinic mniii- 
image, books will be L-. 2 Liuced to a sixe (NO.OOOlh of the original. A ‘Uin-pagt* bunk 
will be reduced to fit a single card the size of a postage .stamp, and yet this luiniatuiiv 
book will be read easily through a simple projection method. l-icU iiucjtsbiiiieii 
'book’ can be produced for less than a rupee, so library usoi s of llu* lutuic will iifu n 
be permitted to keep the books they withdraw to add to their personal carddik* 
libraries. 

This is a glimpse at Iibraric.s as experts imagine them to be m the futuic. Kpe- 
cialisis in othei fields can predict changes just as .startling. In hiicf, white you unit 
your students aic studying science in school, scientists the world aiiiund aic proUtti - 
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ing ati avalanche of new inforinalion lo sweep yoti otT youi* fccL. Iltivs will you uicei 
this force? 

Science- zs ever clian^in^ 

At this point a traditionalist might reply that the host solution is to give 
students the same basic training they have always received After this solid foumla- 
tion, they will be able to assimilate the icccnl changes. Sucl\ a reply does not 
recognize science as a growing, changing body of knowledge. f-or instance, at one 
point m the history of biology, it was essential for scientists in this hold to concen¬ 
trate on gloss anatomy and classification, but now biologists hax’c passed far beyond 
this stage and have constructed a whole set of new concepts to explain xvhat is visible 
to the eye. Just as atoms and molecules were developed as conccxits in x^hysic-s and 
chemistry, so has the gens, tlie ‘unit’ of heredity, been developed in biology to 
explain the structure, function and evolution of the living woild around us, 'rrulhs 
in science are sub)ect to test, and some truths are prominent at one period oC a 
science’s giowth because they arc paiticularly useful then. Latei Ihey may recede 
into the background. Other truths arc modified and still olijcrs aie discoveied to 
be quite wrong. If science is over-changing, science courses must l-io evci-clianging 
too. 


But even with tlic best will and intelligence in the world, lmu ^ou hope Ui keep 
up with all the cinxngcs and to include them in introductory courses? Obviously nbli 
Furthermore, thcie remains the even moic impo.ssiblc la.sk of roiclclling wh^il new 
significant developments will take place in the future and ecjinpping yotii sludcnls 
to meet these. 

No, you can no longct bo expected to step into a class room and to know 'all 
the answers’. As media of conimunicalion increase in India, moio and niore of 
youL students will have gtcatei knowledge than you do about some sx^ucial section 
of science of particular interest to them. One will know the thrust of the latest 
rocket sent to Venus. You may not. Another will have read a special report on 
recent studies in cancel. You may have missed it. And so it will go. 

Develop skills and jud^nient 

In this situation what Ls-a rctisonable course of uolion? Yovi are responsible for 
teaching youi students some information. What in'*oi nmtion should you select and 
how should you teach it? 

As an active teaclicr you will be dealing with stiRleiils and you will he awai c of 
then inteicsts and capabilities. At the same time you will follow sonic of llie major 
new developments in your field. Thus you will be in a po.sition to conhibutc hdijful 
advLcc to those planning cutricula foi the schools If they pcisist in ignoring your 
voice, you and other tcachcis like you jnust group together Lo put piossurc on, the 
planners to UsLcii to you. Indeed this vciy journal offers you an opportunity lo do 
just this. 
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BuL v/hat will you do in yotii classi'ooni'^ How will you tind yo'ir stiiiic'nts 
Latnc this avalanche of information? I bcliove you must ct^ncentiaie oii cK-\flojuiu*, 
skills of analysis and a sense of jiidf^ment. Giiiclmji students as they accjimc iliosi* 
skills and this judfiment will lie youi function, and hei ein \ out and »’v- 

peiience will be of preat value to them. 

To do this you can no longer control the flow of infoi million as a dictator. Vou 
cannot step into the classroom, occcuto a demonstration and then ask all (he tiuos- 
Cions—questions to which you know all the answers. I-istcn to the cjiicstions in vour 
class. What kinds are they? "Did you say carbon monoxide or carbon dioxide, si* "•*' 
"Do we have to know how much sulpliiiric acid was addetl, sii 7" "When i*, this 
assignment due?" A-sk yourself: Why were these questions asked? 

E'tiGotira^G stitdoit quastiom: 

In a 20th century science class the teacher should encourage stutlents to ask 
questions that have developed from their own observations arui intcfcsts. At Icjsvt^r 
levels it may be quite a simple question such as "What is a bug?" or "What happens 
when something burns?" As the students grow older their questions sviH hcciirru’ 
more sophisticated. "What purpose (or puriio.scs') does the ciicoon in lh<.' 

metamorphosis of a moth?" "Docs it keep the pupa from tirying out?" "loot's if 
protect It from physical injury?’ "Does it protect the pupa fiom light?" "Docs il 
stimulate the secretion of some growth-regulating substance?" C!!)r another set nf 
questions about ants: "Why do the small ants found inside houses follovv certain 
pathways up and down a wall?" "Are the pathways established by odour?" "Do 
certain scouts establish the pathways for others?" "How stubbornl>> arc pathways 
maintained in the face of disasters?" 

These are questions that show an active and imaginative mind at work, and a 
teacher who encourages these kinds of questions stimulates his students' minds to 
grow 

Whot abilities should you tjossqss? 

"That IS a good, question. I do not know the answer, Hov.' can we find out?" 
Each sentence in this quotation requires a different ability in iho teacher. "That is 
a good question” req\iircs you to be able to tell a gootl question when you hear one. 
Does the question spring from the student's interest or is il contrived to gain yrnir 
approval^ Does the question relate fact.s in a new way not prcsuntctl in class? 

"I do not know the answer". This statement shows you have not confin-rtl 
school work to a narrow body of materiah Instead you haw eticouragftl siiulcnts 
to consider what goes on in the classroom as part of the world outside an<l to u«c 
their training in thinking about this outside world. 

At this point you may question the emphasis on not knowing the answer u% 
questions. Ignorance appears to be an attribute of a good teacher, hfoi at alii There 
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is no rule saying you must not know the answer lo a ciucstron. The point is that 
you encourage exploration beyond your own knowledge. fin jiassing, if is worth 
noting, however, that one o£ the most suceG.ssful acicnoo teachers I have known 
always tried to answer a question with another question rather than give an answer). 

Indeed unless you have a good knowledge of your field you will not be able lo do 
your part when you ask “How can we find out?” Students will have little idea of the 
resources available and they will need guidance in investigating their problem. How 
you advise him will make a difference in the development of ihcii analytical skills 
and in their understanding of what science is all about. 

Too often in the past teachers of the young, particularly at the .secontlary level, 
have been judged by their detailed knowledge of a field. But teaching at its best is 
not a demonstration of what Che Leachei knows; it is an effort to stimulate students 
to grow. A. good test Cor how well you are succeeding in this challenge is the 
nature of the questions your students ask. 
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NEW WORLD FOR SClENCUi STUDEN'IS' 

John Pi i ir i / m 

Schools which give pleiy to il\c ritHurAl ciiriosit> ol hoys uiitl giils .ir^ tiiL‘citn;i 
with success m the United Stales In a. (ypical class period, li»c piipiJs do noi sH 
passively in then scats while an instructor lectm'es. Nor do thej* WcUeh lii'»ni a 
distance as he manipulates various experiments. Instead, lhc*v gatlier ati^urul l»u«i 
asking questions, arguing points, and actually helping with the e^perirricnls 

pURPosr, or scripNC’i'. c'ouRsr.H 

Couiscss in the sciences, for example, are designed for boys iiiid giils wlu> will 
not become professional scientists The pmpose is to gi\c simlcnis ol high fsecon 
dary) school age and younger a feeling for the values aiul uses tif ilu* siicfitilu 
attitude --not pumaitly to teach fuels. If a child kiiows what questions to ask anti 
how to find the lelcvant facts, he can Icain what he wards, 'riu* icachcTs task is h» 
instill the desire to learn, to pteserve his students* natural curiousii^. so dun ilicv 
keep on asking ciucstions thioughoul their lives. 

Courses of Lius kind arc established in the majority of tlK* Jfi.OtHl iHii>hc anil 
moi e than 2,000 private high fsecondary) schools in the United SiaU*s. These scluuiis 
include more than 10,000.000 children, and eight out of ten sludv general science. 
Thirty ycais ago, less than half as many pupils leceivod tunning it^ science. Ihil thv 
important dilTci ^nce is more than a matlet of laige numbers: it is the lesult ol .1 
new philosophy of teaciiing. 

TIIII OkUHR APPROAfll 

The theory used to be that the ntind is a collection of ’faculties* Slicli as nienunv, 
observation, concentration. and so on, which couKI he tJeveloped like inus^dc** 
Under this method, the students would take notes wliile the teacher Jei lured al^Mui 
the subject. At the end of the hour he assigned specihed pages in the regulai u*\i 
book and announced a 'recitation’ for the following d;iy. .Students would he vx 
pecLed to show they had learned their lessons by repeating what they had lead, 

TTTF NHW-Min IIOIJ 

As a typical illustration of the newer melhod of teaciiing, an insiriiLtiU' juc- 
paied foi his class by placing a large piece of ice in a beaker and fjlling it complt^teS^ 

Reproduced from Arnenka No. 50. 



gO 


seiTOOi, seir-Nt'R 


lial f-way-bctwecn cxpoiinicuts anU play. Other hc*oks in the saim s«.‘i lakv 
XrojTi Lbe Aist iJiiouj^h tlic jir.ulcs. 

The fundaincnt.il aims of ihi.s pi'Ofiicss are sl.iietl m a jiJe|i.iic»l h\ »Fn. 

National AssoclaLion of Science Teaclici s f<n the LJnitecl Nattcins ‘S.n.-n»t' .uni 
technolojiy are condi (loriinR iJie very hasts of our life.' ific mii oclui Ik ai '.uni 

eclLicaLion is accepLiny ihc subject ninlici and the metiiotl of science, both bio.nlK 
conceived. Many .scicnii*'>Ls and cducaiois believe th.u .i bcllci tif die 

part that science is playint^ in the world is an essonti.il b.isis ft>i stmly cit si*cial 

problciTis, While gicatci problems is not always a nuai.tnlee of tlesncii tondiui. 
OJin cannot deny Ih.iL it is es.scniia! foj Inlelhj^cni bclia\iotu* in »i «.h'tn#»tri *. 



Nr w DEAL IN SC:II:Nc:E t-DlIC-ATINN* 

AN AIJS'J’K ALIAN KXfMKIAlfiNl 

An impoi'Lani soiiJs of puhlit'alion.s used ai S>Jney tlnivwisiiv's Suimucr Svlu»t*J, 
hat> been desenbed as ‘a shot in ihe aim of jailed science icacheis'. 

Writing; in The Australian Scientist, Professoi II. Mussel, Hcail of the Sclicu*! 
of Physics and Dirccloi of the Nucleai Koscaich roundation at Svdney Ihuveisit^, 
says, lliaL die Sydney Summer Schools for Science reailiers, ss’lncli In 

have now achieved woi Id-wide acknowlcdj^m 2 ni as a unique cvpciimenl to make the 
AiisLiahan community science conscious anil lo step up tlie inilinil of science i;ia 
dnates 

Australian oomplaLcncy was shaken bv la^is prcs.-ntcil in the l‘^”7 Muiiai 
Repoi L on Australian rtni vcisitius. Althoiijili Ausiialia's conimiici.1 ilcv eJoiuniii t aiul 
iibinH standaid of livin'^ depends on scienulic mcthotl and adsiUiicd leehmdojiy th» 
Muirny Report showed tliai too few boys and jiirts were iiirnine towaids j>uie atui 
applied science in the choice of then' careers. 

One of the first insti Cu lions in Austialia to take ui> tlic e liallciutt* of tlie 
Muriay Report was the School of Pliysics of Sydney Univcisit:. svitli the eo-opevaiion 
and suppOLt of the Nucloai Research foundation with ihe I Iitivcrsit.v. 

Within lour months of the pubiicalion of tiie repoi t ihe l*c)uiulatK»a It 

sponsoied die School of Physics' (list Summer School for Science ‘reacheis. 

As head of ihc School of Physics and Direcior of llie l-oiindaium, piofcssoi 
Mcfisel Just plannet.1 Uie Summoi School os “an c\pcr*:ncin in scienuric cuiucaimii" 
This ‘cxpcumcnL’ has now become an annual cvem and )»tis earned a Inyh lejniialitm 
Ihrouf^iiout AusUalia as well a.s overseas. 

Fiom the he^inninjj,, the Foundation decided as a mailer ol pohc> lo invii*- to 
the Summer School only Loji-rankinn seienlisls in then ihlloreni hehls. CNcn if Mns 
meant n>in,e them lo Australia for the occasion. riie idea was to inspiie si imn ^ 
Icacheis who atlcndetl Ihe cour.se and thus sliimilale them to insiuiv dnuj sUuUnt > 
to follow science as a tledicalcd profession. 

The firsL Summer School, Iicld from Januaix M to JT, Ihlw, \%,is ,«iiend 4 rd 
by 3 23 science leacherb -101 fiom DepaiLmcnlal and private schools m N-S.W,. IJ 
(rom InteLState schools, and 10 fiom the Sci views t>i bducalUnuil Ailminisirabon. But 


ContLibuled bv Ihe Aastiahan I Ixjih Commission. Kovv liclln. 
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tlic Summer Scliool was a sc’l'.otj] witli u cIi|T».i*cTice: Inste.itl «>1 tlic sc lejicc icaclicrs 
paying to Idc aLiIc to allenci, the T-ountlalion puicT expenses itj scicne.-' hej •% ultencl- 

iiig anci backed the project to the extent oT £1”?,()()(>. 

In addition, since only a small percentage of all N-SAV.. science leathers 
could be admitted to ihc Summex' School, its lecture» were printed in book. f<ti m ,ind 
made available free of charge to each science teacher in the Slate. 

Both practices have been kepi up and ai e now impojinni featuics of the Summer 
Schools* Each science teacher attending the schooK is paitl an amount to help him 
defray expenses, and each scicncx teachci attending icceives the lectures combin¬ 
ed in a book, as does every othei science teacher in N.SAV Also, an adilitional 900 
copies of the book arc piescntcd to high-schools throughout Austiali.i. Thus a total 
of 3,000'fi'ee copies of each Suninici School book are dislril^utetl. 

Following the resounding .sticoe.ss of ihc first Sunirnei SchOt>! ll»e f'lujnilation 
decided to run annual Summer Schools in two-year cycles. ‘I'hus each group of 
science teachcis is given the oppoitunity of attending two ye.irs in Mi.-cessu>n. Tim 
firsL-ycai Summer School is concerned tvilh biinging science isuichcrs up to date 
with the latest sciciitinc developments, and the second is moie ettnevrned with 
courses on subjcet.s directly related to the i.eaving C'ei (iticafe syllahtis. 

The success of the First Sumincr School, the cost of which was cnUrcIy borne by 
the Nuclear Research Foundation, led to surpilsing industrial an.l public interest, 
and already from the second Summer School onwards companies and individuals 
came forward as sponsors. The most consistent of these lias been Ami>oJ Petroleum 
Limited which has part-spon.soi cd the 19'58. I960 and 196 1 SumTm*i‘ Sclniuls, Con¬ 
solidated Piosis shaicd with Ampol tlic ElO.OOO sponsoiship of the 1919 school. 
Philip.s Electrical Industries Pty. Ltd. pai t-sponsored the 1960 and 61 Schools, anti 
W.D. and FI.O CAust.') Limited part-sponsored the I960 School. 'I'he 1961 School, 
the cost of which exceeded £l'5,000, also had two individual philanihropisls as 
sponsors—E)r. Adolph Basser and Mr. I-f. G. Palmer- who each conti ihuicd £3,'300. 

WrOH SUPPORT 

However, public support foi the Summer Schools has not only been conlincd 
to financial sponsoiship. Far fiom it. Mucli to the stirpnse of the organiscis vvidcr 
and wider sections of the press and general public showed imucasing Inlcrf.sr. and 
newspapcis, particularly in Sydney, published more and moie rcporis of tlie lectures. 
This genera! enthusiasm culminated in 1960 when, one of Sydney's coniinercial televi¬ 
sion station, TNC Channel 9. applied foi and was granted permission lo ttdevise 
lectures of the thud Summer School Cor science Teachers held last January 11 to 22. 

This Summer School, organised by Profcssoi S. T. Butler. Pi ofossor of Theoreti¬ 
cal Physics in our School of Physics, m collaboration with myself, consisted of 27 
lectures under the general heading "fiom Nucleus lo C/iiivorse". It was designed to 
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Iccep science tcacliers up to dale with llic results ohlinnctl cHnin;’ (he 1 n t ei nt 
Geophysical Yeai "by means of ai tificial satellites anti olliei moilei n loi. hnitpies. anti 
in ^encval to keep them abreast of the nnocict n ".Space ai»c* . I wa tl is (t nmnshetl 

ovGiseas guests were specially flown to Sydney to Rive fi%'o leciiucs e.u'li : I*iofcsstn 
G. Gamow (of. “Mr Tomkins and the Atom*’ fame), of the University of C'o'oiailo. 
and Xhonias Gold, co-author of one of Ihc major theories on tin* oi igin of the uni 
verse, ot Tlarvaid Gnivcrsity. In addition. Professor l^.iri J. Hole, of the Au’^tialian 
National University, came from Canberra to give three lectures on the ohservatiinitd 
basis for stellar evolution. 

Public reaction was tinprececlcnted and Australian TV audlonces ternI'lOi anJy 
lurnecl these scientists into veritable “XV stars'* ‘'hive*' telei-asLs of iheii 

lectures and many oF the othci ten lecturers at this Summer School piovcc.1 so Inasle 
quate and. there w£is such public demand for nioie that TNG C^hanncl reeoi detl t-n 
of the 27 lectures on video tape and even long after the termination the School 
■was rescreetimg them not only in Mew South Wales l>iit, t->y arrangement with <»tluu 
sStatioiis, also interstate 

But there was yet another stni'insc in store, Whi’c the two bi'ioKs «.*ontainlng 
the lectures oC tVic two Summci Schools were well leeclvod by all coneorri..’<.l. iheiv 
was an upsurge in mtorcst In the third Summer School book, “T’rOTn NucJvui'. ttj 
■Universe’’. Not only did the Australian general puhhc purchase a grcaier number of 
copies fiom bookshops than before, but overseas companies applied for perrmKsinri 
to republish the book In Biitain. 

“This book, is more than a shot in the arm loi the }rtdci1 science feneher whose 
equipment is a little obsolete”, said loading British science writer Cl. R. Knake*. in Ivis 
leview (Natttr&^ June 4, 1960, p 748). “It embodies the new outlook, i:»r the resui- 
gcnce, of a science that is still an advontiiic of the. human sjuiil, rather (h.in a mere 
handmaid of technology. If we are to begin to think seriouslv, as wc .shall surclv h.ivt* 
to, about science as a liberal study in schools, this is the kind ot botiK ihat ill vlire^ i 
our thoughts along the right lines,” 
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But this was not the first time that a Summer School book had aroused overst'.i's 
interest. The very firsL Summer School book “Selected Lectures in Mtiilvin 
Physics”—was republished last year by Macmillan 4k Co, l.ul. ami ra\nu*,ibly 
reviewed by J. M. Valentine in the Bulletin of the British Institutv of Fhv**iics, 
“Written for the non-specialist”, .said the reviowor, “Ihe lectures contain a '.urpri'anu 
amount of solid information. Kven ihe niost out-of-date science teacher will hn\ r 
a fairly good idea of how the nuclear phvsicist looks at this world. 

Together with this book on the first Summer School the Nuclear Rescaich 
Foundation also distributed to .science tjachei.s and high-schools “The Astronomer's. 
Universe”, a book b.v Professor Bart J. Rok, Professor of Astronomy, Australian Na- 
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tioriiil UniV'crsily, iTijtl Ditx-Ltoi of iho Mtiiiill Slui!>il*^ 
fessor Dok'-i leclinc'. nivu'ii .U iIk’ 19 '>H Suniin».'i 

Thi; rollowHin yo.ir llie I’oiiml.iltoii .in.rii pimlui.ii («'• u ' '' i 

"I.L'L'tuit; NoIl's on .in lullluUn-'Uii > fourse in MinliUi i •'!> u ’> 

Ic'itinos U) ilic SuniniLT Si-hool. .nul ■‘Niuk.ir Po'vi t .nul H.nlm. j ' i-i . ;»>. 

on .1 L-Qiiis-’ of m\C'n to i1il‘ Sti'oitl bv lli. \ ! U’ 

Ill Rl Id SI 

The leeeption these liooks reteiveil .i.; I th • ■'..•n'.'.i! ■••n’ "d. .1 ' ^ u 'v.' .' , ,ts, 

leaves litlle Uouht Ui.it the Niifle.-if Ke.se.ircli I-i'iijiU.siion Sih.si!', l.r. s >■ s) . 
cheis— which, inciclcnttillv. ate ali or-.Mniscil with ihc i o or* i.iimn •n iTi,, % s rt* 
Depiiitnicnl o' Eilucation and die Science I c.ichcrs' ,.\ssn; i.cmn i*I V S V. . 11 . In le 
to stay in one foini oi another. 

Thi.s yeai, anain, many of the 26 Icctincs nl tin- bnr its Sr.-n ««»■ s to.i.i lette 
telcvLsod by TNC Channel and ai'r.im-'.-mtii(. wc"c ni.i'c in. I'm' I' l.n " 1 .h.rj' 
some of the telecasts with Nntional f.A.B CM tel. s •..on i-li.v'ituU 

The proeramnic of leclurcs inclii-.lvd .1 basit sen . on i u rcie'd,iT\ it 4 !itt 

nuclear physics inchulinn an iniroducluin Ui Ihe t)ieoi\ ol lel.iinds \ .h'.S.ni.iin .lied 
oveisscas puust. Professor li, li. .Salpelci of Coinell Unmrsiis. IS ^ . .!t ,-!»*•■ il in 
a series of 3 lecluics the elements o( iiu.iniuni Ihcors .itui if*. i|n«);. ,n.iotj lo she 
theory of nuclear leaclions and of the evolution ol nuiis i .i.n ,< I'»ofi ■. , 0 .’ 1» 1 

Pirk, former Reader in Aeronautical I.neineeriim at tiu' lius.i.us os Ssttji. ■» .ni.t 
now Profe.ssor of Mechanical KiiKiileerinp there, prescnteil a ‘•rt *•' is V 1 j '“ !■ . I '59? 

acionautie.s, rocketiy and space travel piotilems. 

In addition. Piofessoi C.B.A McCiiskcr discussed hiKh enu-tits mmJv.n jJisvsts 
and fundamental partic’.e.s (3 lectures). Hr. r..tl. Howen ol \t'II ontnr. 

discussed selected topic.s In solid state physics f 3 lectiiresi. 

The lectures were all combined into two hooks i nlitli il 'St .1. . ,ci 4 Ui. 
and, ‘A Modern 111110(111011011 to Plusics" Vol 1 . 



THE WONDERS OP MICROCALORIMETRV 

Fl RNANO Lcvr 

CAf-OHiMi iUY is a di/Iicult world for the layman. Howevei , wc should remcmbei 
Lho.se words of CJiarle.s-Edoiiard GuilJaume, a Nobel Prize winnei and famous invejiroi 
of the precious alloy invai, who said: ‘’Metrology which is con.sideied the driest of 
sciences opens on poetry!" This even applies to the look of Piofessor Edouaid 
Calvet, who presides over the Marseilles univei'Sity laboratory of General Chemistiy 
and who developed microcaloi imetry which we shall discuss bi-iefly. Micro- 
calorimetry IS that branch of physics which tries to measure the quantities of heat in 
vaiious phenomena in which heat Is important. Piofessor Calvet advances in this 
science like an explorei before whom unsuspected horizons open He does not 
hesitate to show us Che chase to which he invites us -a chase Into the unknown after 
infinite fractions of calories since, in this field, he attempts to find the ‘least’ which 
is available in order to obtain information on the most unexpected. 

The beginning of Professor Caivct’s research on calorintclry was the research 
made by his teacher Albert Xian, to whom he caniinu«ilJy pays homage with zeal 
which scientists maintain for those who have opened the way into a new field. 

Professor Calvet was his disciple along with Mrs Calvet, both of whom have 
the degree of ‘Agregc' in physics, Mrs Calvet pcr/ecied the first calorimeters made 
by Albert Tian and subsequently remarkably improved. During the occupation, 
when women and children wcic sent to the country. Mi. Calvet worked with the 
botanist HenvL Piat, who is now directoi of the Institute of Biology of Montreal. 
One day, an idea came to them • If one could make a giain of wheat sprout in a 
calorimeter, one could study the theimogenesis of germination. 

This was the beginning of admirable experiments. 

The two lesoarch specialists succeeded in recording a curve which was very 
Significant: a curve which wa.s a graphic sign of the flow of heat with regard to time 
and which was proof ol tiie rising life of the grain. They varied conditions, succes¬ 
sively using alcoholized and chloi oforinccl grains, and catalizcr.s capable of accelerat¬ 
ing the process. The precision of the recordings made by this microcalorimetrie 
method was such that even today the question is still the object of cxtiemcly 
important research in Canada where the reign of snow begins in September and lasts 
until May, which gives the problem of accelerated germination a capital interest. Mr. 
Obolensky, of the Alberta Laboratory, discovered that acceleration could be favoured 


By courtesy from the French Embassy, New Delhi. 



St Ti(mr Sf'ir Nt I 


l-jy ticatin^ the jiiains ^v■llI^ li 1 11 In ■ ■'■>'. . ■ t- - 

the niici ootilon nicl oi . tell if such a urain thii** i- » ■ * V ' ” » 

of it month in JVTiii seiles, Mi. OhoIcnsk> ^^.^s .thl*. !«* »S •’'* - - •* • , j <■ 

lesuUs obtained in a lecoid time. 

A new field of in vesrijiafion has been ojicntul jji rb. ?.v«» 5 b? - *£ s"--- . i" s ss 

now possible to record a cm ve of Ihci mo-.iciicsis In 51 ni* a... 1, 

vated in a biolh- 'Fhe cnrv'o is so spciilic fha* ii » a'S ■w-w’-ji 1. tf'.,? 

example, the ctilliire is a typhus b.K'ilbis or »* |>,«e ai> phiis aUl-s '' f ••hi' ^ ^ ii- 

piotluced duriiii* the microbi.il devehtpiiicnt is noi l 3 it ^ anit' 5 i>-j ” ..j'!"'- isu-i n ,t 

all cultuica. And Nvilhont cliuniical mici \ , »>nc I'^in '-Sn b. a-??:- 

biotlcs on the development of microbes since, \\ b<‘n tlt-v t-‘hipi''' 5 '‘-ns •- 

tion of he.it ceases soon theicafter. Inverselv. on»* c.m stmK » aJi 51. ? J" *>'. 

means of microbial development and then obi.iin ,» »» ai sp.*. r* 55^4 ^ '1 t * 

which it surrounds. 

Moicovci, mici ocaloi nnetiy (n«\idcs *1 n.\v in-.m-, »*! .1 ;j»U i si; nil!] h'-.v " .» "<<i 

such as the hydrolysis of timides and osleis. Wiih ii ihc aSniscjn*- ,1’,1 .8 ir, , t 

already found a decisive method for pcrleciinfA i 3 iv pnuln^m-n « abnanst - t 

the piesem, it was nuces.sarv (o use hiiue ipianiit.cs *>( iissi.ilhji. • »l/' 

alumina from oriwiniil bauxite attacked by sinl;». piota's.in Ji.n. b* « n N» 

cfalabiish that it is the amorphous pint <if thvr picnlmis ir>i il .iint n»af[. ,» h . is 

thOLisht, then* ciystalline |i»trls which dcleiniino the . i \ >a .0 »os I" ■'a.ifjJnB 

bo noted that dui inji thi'' icscarch. the obsci vance, »*n ictoivl'ii iiiis.,- , .1 ,bj hi 

anomaly was onoush for the expeiiniems, sensiiiv-i* 10 the fa* i lb-- .i 5 

orimetei Is not inf*iIUble to cliscovei a new* eK‘i)n*i)l< sotl,» .lE .iniso,-''■ 

In addition, all the complex science ot psdsmcis. whscii ‘‘n Hie 

industrial multiplication of plastic matci ials, can benclii con-ailci abK StMjts in 

VGStigations allowed by microcalorimetry. winch explain'* the pi csern e id the t .ef'it ff 
device in the laboiatorics of the Saint Ciobain C'ompvJnj. at C'roix-sledSei n-v , Smulai 
devices arc found in many plants especially ai Pcchiney in Auln ivdlni , I ho .e An 
Canada at A^ontreal and Ottawa nic devoted to resixiich <ni the selcvii»n> «'«f » t .^nd 
spiing planting tests. 

But what doc.s this prcciovi.s device l<n-»k like? If we enter wlt.ii v, IIS'* »iii» fimsfv 
of the Marseilles Laboratory of Profcss<n* Calvet. w.* ruid ouiseK*‘x m a i.enn who'se 
constant temperature of 20' is rnarntainod by y vi-^ilant elcfronn. In.nn amt wStert? 
ihc air is continually IiUercd from the ceilinft through !3 I ojiening-t .hii- 1 i»ui 

through other openings found in the Hoor. 

A mict ocalorimeter is held in an enormous block of copper wei^Jtbsn.* 5liO kdos 
fthe foim of which necessitated long detailed studies), coveicd w itli an .dutnunum 
envelope. In the heart of this enclosure, which acts as an OKcellcnt tin i nm-=!i at. are 
found two small silver cartridges isolating mica sheets, each of winch has tiny 
soldeis of thermocouples formed of lion and constantan. 
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Microcaloiimcier 


Tlic layman Is icinpted to iiiaivol at the exttaoi-cUnary sensitiveness of the micio- 
ea’.orimctor, wlncli is miraculously capable o£ showing, a trace of heiit ficctl by a 
Single grain of germinating wheat. The sensitiveness is <7n!y that, ^s'ell known to 
physicists* of Lhei mocouplc, capable of pioducing an cKcliic cuirenl at the least 
heating of the soldei s in theii circuit. For one degree of tlincicnce m tiMUpciatme 
between the solders, a theimocouplc piovidcs a potential dilleicncc of it) miciosoUs. 
If 200 of them are assembled it is possible to measuio a niilhoath of a ilcgiLC. Ihit 
the best thermoslats have been able to mcasuic a ihousamlth ol *v dcgice, P* causa 
of the invention of a subtle dineroiiUal system, because of a device ehniiM.iUnu all 
eloeliicvil. parasitical forces, because ot lUennal lenses delicately t alculalcv^l to coiii ct 
the elTect of the .slightest disliii hunce coming from the e\leiioi, ani.1 Iw-*, au'.»‘ of u 
ladioactive element Included in a micio-lube and fieelng in a given iim.' a *iuantiiv 
of measLued heat, the nucrocalotimcicr. which is pei fccllj, sUibh* at /ci<», » .»n faiili- 
fully measure. temi>cratute vainidons of a mtinoiKh of a th'gice .ifUl h‘.u dow , of 
aj>pi oximately one miciosvatt 'Ihe posslbihlies whKii this device oiUi'. .ne ju.tnv 
aiul the microcalorimelei funclioning at low aiul hc'.li l*.:mv^eratui e‘» wiU lurtlici 
incieasc the lange and scope of action of this device. 
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[The science of Biolony htis uncIciKono intictliM- i i ! - ..*1 

century. Rescaich, new dEscovencs and now aiun oa4. ?ios h.sv * « 

a rapidly changinR chaiMclci. Hverv now «-I«h % uok 5 > ■ in.-., 

ledge, brit it also compels us in i i*-appi »iiso «m«.l tStJi Pi. ..'sal'’ fit 

tions upon which biology rests. Ii is, l!iorof«ni*, niv i-' •*'.. 1 *% ans :.■>'? (. , 

Biology to sLiidents .is a d>nam!call> giowinu, scion^^t. I« a . n ^pa.sSV,. 'ui . 
sary to sec that llic lonchci of Biolog\- en|OV-% ent»ni*h is tiSosu tTtd ’’!!• 
to adapt the level and. .slructuic of bis course. The / M = fi% H.- , 7 ,. 

Series repicscnts the translation of this need into a si-i o! sliojs, an-* sjn na'/< „ 1 . 1 » Hi 
wiittcn and well-illustrated books. 'I iieru are eleven bcu>ks nt sb* I ,'sh t *13. 

Cellular Physiology and Biochemistry, Heredity, Adapta(iton» aaiicl 

Development, Animal Physiology, Animal Diversilv. Aiiiju.il ft-hav m.i!'o. f I i?* s'? 
Grech Plants, The Plant Kingdom, and Man in N,itiiie. 

Each hltle volume is complete In itself am! at the saniit fmie bonks op flb» 

rest oC the series. In this issue wc inCrodiioc the rcailcr In five of tbesi v 


/ 




Heredity: DAVin M. Bonnlr. 

Foundations of Modem Biology Series. 

Prenticc-Hall Inc. New Jersey, U.S.A., pp. 1 —xiv I M/b 1. 

The discovery of Mendel’s Laws of inhcnianec l.'iufing to the tUv v ot of 

the science of genetics is one of tlic greatest scientdic aw hiev cnicnts j»f tha'- .loaOvaAv 
All organisms, plants or animal, mouse 01 man, and bailciia 01 vbiu., l*db«w ah’ 
same laws of heredity propounded by Ciicgor Mcnticl over a vuiuu*, I anas 

shows the unity of life and the ubilily of protoplasm to rii.iinlest itsidl la msuaaj'*abb 
forms. The iccognition ol the .self-rephcaling gene as Uu* vieiiiviit.n v ol Idc. 

and the knowledge that the genes arc located on bodies c.tlUnl chionstisuas* .and (h„ss 
the number of chiomosomes is characteristic of a «iv“cn species liavc hcljud m 
understanding all deviations in evolutionary and devclopinenl.d iiaiicmH, 

It IS high time that our young boy.s and girls learnt lhal chiomosouscs. and ncii 
radium and uranium, are the most piecious materials in the world. Seen m this 
light, the book undei review fully lives up to the aims of the Ihibhsheis in miiuilinu 
the “Foundations of Modern Biology Seiics” of books. 
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Honiici has tiuaicci in a lucid way the many complex plienoniena associated 
wiLh Lhc sli'ticlLue anti ftmcLion of Rcnes. l-Tc sliows clearly why we considci' tlint 
the ftcnciic infonmalion is coded in the chemical substance deoxyribonucleic acid 
(ONA) of tile cliromosoines and what i ole otliei substances play in translating the 
information into action. The cliuptci on ‘Ocnes and Man’ Lhougli brief, is adequate 
to underline the need loi impartinj* a sound lininin^ in penetics to our biology and 
medical students. When this is done, many piejudices ba'^cd on skin colour and 
othei nn')i jiholoj’ical traits *is well iis many incorioct social beliefs would v'ani.sh. 
Thus, men wlio blame their wives for not beariiif* sons would lind out tliat, if any one 
should bear a ^itidiie it is the wife and not the husband, since it is the fathet who 
determines the sex ol the child 1 Xhe harmful elTccts of many othei soeijil practices 
such as those, leading to inbreodint* would also bccoino widely known if all our 
students learn the elements of genetics. This would provide a sound basis foi build¬ 
ing uiT an iniegiated nation of strong, vigoioiis and hcaftny indivitUuils. 


The last chaiiter of the btiok ciitit.cd ‘lleiccUty and 1-Iiioshima’ is of great topical 
interest ui N'lew of the increase currently being brought about m atmospheric radio¬ 
activity through nuclear detonations. Piof Uonnci rightly stressed that increased 
radiation leprcsonls .i seiious hum.in ha^aid and that the Ihreut to human life posed 
bv radioactive falltuit is a now cycle of natuie, a twentieth ccnti.iry cycle. crcnLcd by 
man. T ))C implications of iho gcncticaJ knowledge that we now j'iosses me Ihu.s 

cletir. We can use this knowledge foi Lhc bolLcrmont of man as well as tlie 

anmiuls and plants tipon which wc are dependent. We can also use this know¬ 
ledge to lestiain ourscive.s from embarking upon disastrous adventures involving 

nuclear warfaio, since those will alfecl not only our generation but many gonoialions 

as yet unborn. 


The book is vciy well written and the iUu''lr itions arc both apt and excellent 
It js a must foi all icachcis of biology. 


JVl. S. SWAMINA.II1AN. 


The Plant Kingdom: IIarold C. Bor.o. 

Foundation of Modern Biology Series. 

Prentice-Hall Inc.. New jei.sey. U..S.A.. pp. i — Kiii-i-ll4. 1961L 

The .science of biology is advancing so rapidly that new discoveries arc made 
and new facts emerge which compel us to change or modify our existing views on 
vaiious topics. No textbook on the .science can remain long without being revised 
in the. light of new facts. There is not a single textbook in botany at the graduate 
level which is so comprehensive* as to include all the areas of study within the 
subject. The needs of the* student and teacher are best met by a series of wcll-wrUten. 
short books, each dealing with one particular branch. T/ic Plant Khiadom is one such 



70 


scntioi. sc uNi r 


irx a scries of eleven books pubUsheil unJ^T Uic 
Senes. 

The auLhoi is a well-known authority m th*» Tit-ia t»f phin* nivt r 
booklet the aulhoi iutveys the divorsily of tlic dilfcjeiii inl..m k'J«i 3 '• »3«-r’’'-* -Vfog 
the biological principles illustraleti by them. 

The book is divided into ten chaj*ioi'* inv.l«nhsivi dJiv itsIi *9'si> 5 ti*■."« i. 's ss 
given u table of suniniiiry of some classiii*. •iii<*n »M ih»-* K.m >f ''t juk?? 

has included his own system wheie new names are used l«»» I lie ibfft i n (.‘ti 
have not become familiar* nor as yet accepted be botanist-, 1 ,us as j .tifr .iJ.arJv sh* 
case among tlic groups of fungi. The term Ti achev*pii> la s 

altogcLbci. The buecceding chapters de.il with alrJtac. ba..leii,» .*nd Jnn-va. v v -uitii 

livcLWoits, sLiucluro of \ascuhii plants. vascuUii c*“> pb*.l.»n*n> laeno-j'^v i 
sperms, and ti summaiy. 

Each chai^tcr gi\os an insighi Into tlie plant-<. t»f lh»" g t'u' t ",u, ,i3 and 

economic impoituncc and the l>road features tn Inc morpfn-^h^^ts ■•>»? 5:’i ' g J .lyst InhSj 
and their life histories. No attempt is made to deal with ivpi- .. gMiti ..s K 

Tlie last cha[Hoi is a suniinai> dctding w ith the «si a^mis.iiion v"!! ah»' j-nn-i* 8 '‘*hJ>« 
icpioducliop, and dovciopmciu ol plants in time. A fist ♦»! a bwi. •- ‘-' Jr*, led 

reading and an index arc given vit tlic end. 

The book is well got up and the layout !■» aiiiac live. The p!u»a<*5iu‘ op: .•pli'* are 
well reproduced bringing out clcluiis of struciure. Though snsalS, ih* 3sn*wJN 8*.iv a 
wealth of facts staled in piccisc language. Ii will he useful it» .tr|| siutlvnis *»ff hitiSuay 
whether in a college oi a iiigh school. 

S. l>i*w 


Animal Diversity; Eaujl E), J-Iansem. 

Foundation of Modern Uiology Scries. 

Prcntice-ITall Inc., New Jersey, Xi.S.A., pp. i —xii f IJ/ft. IVisK 

Biology after remaining for a long lime a predommanlly olitsersaiMmaS and de*!- 
criptlvc discipline has recently changed largely into an cxpcniiicm.d si »enc«t-. Th® 
significance oE this change has not often been rfalir-cd in our etniniry. Ihiji adinnabic 
Pienticc Hall scries entitled “The I-oundalion of Modern Bitilogy" present*^ th <2 
dynamic state of modern biology and will be of great help ft.>i our leavlicff to 
determine his approach towards the subject. 

The seventh volume of the series deals with animal diversity. 1 he author hat* 
successfully employed the scientific method to increase our understanding oi 
and the reason for their diversity. He formulates the problem of animal diversity 
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and piesonts an uxj^Ianaloi y hyi'iotlics.is fai this clivcfsity and outlines ceitain pie- 
cliclions sloniminu fiom lliat hypothesis. The piedieiions aio tested thi ouph careful 
analysis of actual infoimalion K^'lheicd from the study of pal.eonloloHy. ccoloHical 
svslemaiics and ielated fields. 

S. P. Pay CiiAiiniii 'ri 


Man in Natui*c* Mvksion 

Foiiudtitions of fvlodorn BioloKy Series. 

Preniice-TIall Inc, hfe^v’ Jersey. TJ.S.A., po i — xiH-116, 1961. 

The hook Mcni in hltititi't* is an important contribution in tlie held of elementary 
hiolojiv svliieh will he valuable to both the students aiid the teachers. The book 
has biought out several advanced and specialised topics on Biology in relation to 
man, within the easy roach of the besinnors The selected topics which have been 
discussed are fl ) man as an animal, (2> afFinlties of man to the Piimntcs, f3) evolution 
of Primates and in tuin the ovoUition of man from Primates, f4> the races of man 
and lJis*ir jioOftru|^hic»il disti ihulion, C5l the population of man in various continents, 
(6) the cultivation ol improved varieties of useful plants and vaislnji of domestic 
anmicils for human food, (7) the importance of plant posts iii relation to human food, 
(M) tl\c jiathoHenic orRuni.sms .such as bacteria, fungi, Protozoa and worms which 
allecl man'.s health, and (9) the material resources .such as minerals. fo» osis and main¬ 
tenance of wild life, which have contributed (o the present social life of man. 


The book i.s well illustrated and the specialised topics are introduced in a lucid 
style to the bcginner.s. 


Vtsitwa ISlATir 


Adaptation: BaucE WAt-i-ACK and Aoiuan Wl. Srtj. 

Foundations of Modern Biology Series. 

Prentice-Hall Inc., blew Jersey, H.S.A., pp. i — 1961. 

All those interested in Biology know it too well how imporiant is the relation 
between adaptations and organic evolution. Today countless jdants and animals exist 
on earth each living in it.s particular environment. Kven more numerous were certain 
past organisms which for some cause have left no survivor.^. The forms flourishing 
at any given time, past or present, may be said to have adjusted or adapted to their 
respective environment. Environment is never static. It keeps changing, howsoever 
little, for better or worse. The living species may as well corttinue to show adaptive 
changes, which when cjuite signiBcant may lead to creation of new species. Those 
forma which show no adaptive changes, or for some other cause, may .suflfer partial 
or total extinction. Therefore, the subject of adaptations forms an. important 
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/acel for the .tu^.y of evolution. And to this cfteot the ahove-mc.nt,one.a I,ook 
rxghirully devoted. 

The book undei review is one of the eleven rnonOBraph.s- published in I’renliuv- 
Hall Foundations of Modern Biology Seiies. It is designed to present fiefiitc the 
students and teachers of Biology some of the most modern views about the v.irimis 
aspects of adaptation. The authors of this work have sticces-sfully .-inaUsetl tite pro- 
cesses that lead to adaptation. It has not been their intention to deal with the descrip- 
tion of any specific adaptations. 

The introductory chapter of the monograph deals with ifie incanlng amJ gcnt-'ral 
scope of the term adaptation. In the second chapter the reader's attention is tfrawn 
to the vast variations which ace always- appearing m the offsprings of arJi* Iising 
organism in spite of the fact that the offsprings tend to rescmt>ie their parcfils rf** 
closely as possible. These variations, as explained in this chapter^ may .somdirnt’s 
favourably effect the reproductive ability in a particular population and. in lii.il 
case, they lead, to adaptations Chapter IIX is intended, to familiartatc the reader vvitli 
the general principles of heredity. Here is given a simple account of the chromtiscimcs 
and genes, which are units of hereditary characters. Chapter IV is devatod to cxpUnit 
the causes of variations and how far they can. be effective in populaiions. 


In chapter V the authors have attempted to show how populations of indiviilunls 
may adapt to new environmental conditions. Formation of strains of bacteria resist¬ 
ant to certain antibiotics is the simplest adaptation that can bo proved in the labora¬ 
tory Aa explained in this chapter, this resistant strain of bacteria arises directly from 
any one or more such individuals which by virtue of their genetic variation have the 
t property to escape the lethal effects of the particular antibiotic. But, niO-st adapta¬ 
tions m nature are complex and they have long histories. Chapter VI of the liook 
attempts to indicate that same general principles can be apjjHcd for the complex 
adaptations as in the case of simple adaptations, although it may be difficult to verify 
them by experimentation. 


Chapter VII points-out the effects of ‘ecological niche’ Cs®t of living condition*;) 
on the species. This embodies the understanding of nalura] selection. The .successful 
Variant populations with favQurable adaptations segregate from each other lilClc bv 
little, ultimately leading to adaptive radiation. In a similar way the In/lucncc of any 
Single environment in selecting similar functional abilities in different types of form.s 
leading to superficial resemblance fconvergence) has also been beaulifuJJy illus¬ 
trated in this chapter. 


Chapter VIII is devoted to the analysis of mutual adaptations of living things, 
his precisely explains adaptations leading to community life among animtiK or 
plants Domestication of various species, as explained, is also a kind of adaptation, 

hfluv of V" I genetic variation. Chapter IX explains the possi- 

b Ity of the modification of reproductive behaviour on the basis of genetic variation, 
two populations of any one species have diverged sufficiently so as to Impart 
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[cpi'oductivc isolation, and their hyhruis lend to be steiile, tins may uilimately lead 
to di\eit;eiuc as two definite species. This idea has iieen beautifiilly brou;.tlu out in 
this chaptei. 

Adaptatioms can be very tempoiary, such as the*'" sometimes expeiienced during 
the lifo-limc of an individual, Tlicse adaplalion.s do not pass into tlie next geneialion. 
Nevci‘thcles,s, the ability for such adaptaiion no doubt follows llie usual pattern of 
genetics, And to this theme, is devoted chapter X of the book. Finally, in the 
concluding chapter the authors expose the limitations of adaptation, i.e, nature does 
not peiniil an overemphasis on any particular adaptation, 

Overall, the book provides a delightful and inlormalive reading. It is beautifully 
printed and nicely illustiatcd with figures. Everyone who is Intciestcd in organic evo¬ 
lution will find this book an excellent work. The short summary given at the end of 
each chapter, and a list of selected reading at the end of the book lend further grace 
to this publication, 


H. S. VlSHNOl 




Ti/K .soifi:NTirM(j HAfSK OK K(X)Nf)ArK? I>kvkoopmk>;t 

I*.C. MAHAl ANOHIS 


Member Planning i'i»mmiK\ton, New Delhi 
PIIASI S C)l' PCOMoMrc OLVi-r C 3 PML N I 

Tlir (‘sKi'iif lal <‘harnct If nl aii n nrlrt • |i \ «*jtijUMl fi «tinf r> P* .mi r s f i < iiu 1 \ I« > a 
If-vf I cjf li tluil iH, ina«lf 411.1I •* '‘Ui 'ji i»l foo. 1 i-l** li* »*«> 111-.'. * 1 1 n:' .11 j* 1 (*j is* r 

ffiusmnr'r /l;oo<1.s, ainl riKsci liu’k ot ■ fur ff ] nr ji 1 ii »n fiiif tiK In iHa, «-»l 

KffiirU.y, ciiltiurMl ainfaitir'^. tor fl»« n .t . a uln>I(‘ M i •< }»■» hi fJ.» 

avu Uallit' Hiuui I tjuinil iI it*s oT f » fv i**»»*»I . l»\ il n'» 1 1 iin],>*»\ 1 s m y \t\ yi i i‘“t v m . 
nil a miuill <I nriu'.st if Nf ulf. w i I li tin- !f! |» ni I 1 i-il in:ii li i iM-r\ Tii in" t - 4 tin 

iliul('rfli«i'c‘ln]if il f niiiit rif.s it tin\vf’.n|, M ‘4 jm*. il»li (orlfrlv nf 111*1 n\ i*ni 

fxc'luviitii* in hu)inl*t nr to imnlm r, wiilU iinpt'i 11’*^ mai’iiinf rv . rnniu'ii i‘iaiviu*** i t-*4.^4 . 
fni f Ilf jif npl<« !iH JL W’linlf . In Iihlia , Mm* til ' f <» \l lU* ihi 11 ■ 1 .il j 1 1 ni I Hi 7 ; 

luwl fihlia ^nnlmLlly lifcaiih* sm mial f piffltin r of I rxl il* -, nn\T nnlv f «* Ann 1 iff 

One huiiclrfil ami tiftv' Vf-ars v-inilii -till ii-niam u u*|‘‘r>li v»‘ 1 *»|m ’ J, ‘rif 

]»rn(luct inn nf t (’X M !f H nv MliiaU *|UiHit it ■« • #«r « 4 ImI f mu . tiiiM r fh •■*• 1 h ImT .I mj i 1 1 

[»art, nl t Ilf iiat inn i-uniint . 1 1\ it f If I**u *1 f»» nnl 11 I f i.ili at i *«ji an-! 14 *11^11111* *]• • I -i - 
nu*nt. 


l^'finininn* *lf vflnjmif III. <‘ait Mffur ••ni» in* r-.t Mm |.**i * .ijnl a i*r**»\si* i 1* f 4 

nl 1 Ilf nut inn a‘< a n\ imlc, thmn^li an in* rf.iMii.’ «• r* • *f in.n li in* ry * 1 1 i\ t n 1 m «-r 

elf f trif it y as a sulist it n 1 1* for huiuau *in 4 a mni.i! lat«air In p «*im 1 1 i** • \*» it li ;«ppr* * 
ialilf natural rfsoiirfca, it in nft'«‘**'ar\ to » tit** Ini-iP’ fittitnffrinn an*l 

]>n\vfr i mlustrif s t n t'lial *lf t lu* niaiinl n f .u *• of }** if li * on -H'in r .iinl i-a pit al 
N\ itlun tin* rnniUry, Kslaklmliinji a imnniinia »'»iiaplf \ of “-n* li fa .n- iniln?*t 
M'oiikl talc(* at. l(*as( tan nr liflffti \«ai •. 1 -a vhifh pl.mimi!' niif t htart tffi ar 
tiltffi) farn in arh aiu t*. 

Tn iiuTfahf iiualfrii ilKhl^•t^lal ptf •flu* t loii *A*ttdil fall f*ir «m iihir.i.nn;^ j^iipply 
of f nfj;inf fr.s. 1 «*f Imnlnviij^t s, a ml t'ffhniial pfi‘oni«fI, 'rho nMl\ uay to thia 

wniikl bf to fst alili'^li anil i n< rf a>-tt t in* nttin)** i *4 r* ijo*>ltr.tiniia' * ntlfi'fs nsul 
iiiiivcTHiticM, ami al.-n to train l«*uflt**i-, fbr un t* in ’Thi-f u«.uM tak«' at, a 

loast/ tififfn or twfnty > oars' >•» tliat, iilannin,- l-u* thi • jairpo-f niu-t liftfi'ii 

or fc\\uut'y j’fars in adsaiifc-. 

Tlia liewt way of utiii^inu ra .m»i natural r«'-onr*-**> availttbiu? 



aaiiooi* 


witliin the country, for bot)x ilonn-stic oousniin.tiou mol for . xj-.-H • * »u ( . 

out only tlirouKh api.Iicd H.-icntillc r.o our.-l..' Al-pH. .1 r. . ..r. 1.. U ■ i .rn. on.wt 
bo based on advances in fiui.lamcntal r.-si-tii.-li, Al.-..- lo -• t-ddj-b ,»». ad- baw 

for apidiod rosoaroll it is iKict-as.-ry to projliotc tin- .(om .-f piir- r. . .,r. b and 
supply tJiO stimulua of HuioiitifU' cril *ritia wituM j m * 

least a cortaiii mininunn luniiltor of ar«* m fuj 

and opportnuitics for juiro roM'aroU arn lu-ooiuififi a 

foro iiocoBsary to i)roim>to tUci atlvanfrmfnt *‘f fbiipVit >1 f mii' i.»5'i* iit ni 

resoarch.. To caialjlisli a minimum l>uso for iU* t j%k* iWn 

a generatioia of t^v'C:nt;\‘-livo f>r thii'ty > (“Urn; itoiji;' tijo smn *^1 tt-n.-.I’i,' **mt sring 

sector, must ho given the liiglivsfc priority. 

THE SCIENTIFIC nASEOFlHF A1»VAN£ n'> C'OlJN IHttS 


ir»g*i % h«'SJ «t 
gf gxi t»l I » rv* r«-|| 

kl-h- it iji tisfrr- 


Tlie aciontifio ha.stj <if l.lui »M*>drrii uu*' ‘.k'* h» appt* t s.it* I h;, i *. * »j n. hrictf 
review of the recent <if Hh' udv aiiord < chi nl t )•->. }A,.>r »1 7 .»,*r>*: ntm 

the generally uGCOpt<‘tl \ iruN* -VN an 1 hat tUi‘ oarfii lh» »tf 

the position of luiniaix hc-ing.s uiiitpu> and , aii i rh*- ks.-ia I ...ui* <»**n »»f 

truth was oitlior divine r<*volati«ni or rat-l il j in M. nmnl **f #a«n. 

In the sixteenth an<l tlie ho vontfon(4i rout tlnT** a « •♦ojph J- rov'vdniii*ii in 

the picture of the jiIiyKieul tUv fUirtU u a--. Ufiuait pl.*n» t aiiM-. jiTt.' rMiiriil 

the Bun; and the iu<‘tho<l of vtupiri<Mvl nhsi-r'. atioim iinti j- .vpj .l( mn, 

ually ostahliHlicd in both physiotil aiul lifo aoii in’fH. 


Progress was at first slow in t ho Bixtfintli rout ir> A ».» h I'tf.i nanmn 

may he recalled to inclioato the grininn-l tmir-formal }<»n "f In a'-ktr**nnin> . 

Nicholas Copornious Htijtpnrlefl t!j«* vh‘\\ tljul fho plans fa in* Indiit^t fhf* 

earth itself woro I’ovolviiig in r*>nn*l Mw .stm . T%«ioi Hrah* tlMihltP*!) 

supplied astronomical oh&orvatinii.M of unpr« i iMliuif«*d ju i ur«B*> ft* t}.*- 

steps possible ; iTohann ICojilor (1 r»71tin* *!<• -♦ ripf iv «* JaUM c»f 
plonetary motion ; and Oallloo Ouliloi (loCi l-lcMtl) mafli' c-nn’hi-itoe^' pr»*prtj„n*ii*la in 
favour of tho new philosoiilvy t>f the nni\i'rs<*. In aiiaf N's Kulinis 

(161'4-64:) xjublisliccl his ohKm'vntioiiM r»n llxi* l*’»'«»ian iij , tin 

"William Gilbori (gavo an ag'couiit- f»f nmi'nei i**!!! l-if'd »4n f r»o.t <trlhy 
experiments in iOOO : in pbyfeiology, WilUam Hum. cy OI d* tlo- 

oiroulation of tlic blood in 1028 ; Joliti Nnjiiur ( 1 ‘»ra t I fU 7) ,'r»*p j 'H« *i a « * ui\ i 
tool for computation liy tJio nso of JoguritliiuH ; und I tom- I>»-;o .n** -» 1 u 

philoBoplier, contrilnitcd Hits »*f inat*-* I*tr r»«-al 

reproeentation and of mathematical fimotu»ni: l-'rati^du t, t.MU . J<V2i’»K firmly 

stated that tlio c nily true mctiiocl in KCh*uvCi wuw prsstn-tot fr«ii 4 i i'isrto- olur 

1. Even the most advanced countries arc obJigetl to tIcv<Bic lurj^c r v»tuit *. to for 

the improvement of prodvicts already being mnnufactured and al.*>o Ut ilcvcK^t^ new pjrt»rhiscfJ» In 
order to hold their position in the world export market- It is not possible ft*r the imderdtvt.loped 
courUrjes to start or expand the export of fully or partly nianufaciuicd prt'tUii-ls by sjiitply borrow- 
aiag t e current technology f; cm advanced countries ; it is essential nho to ilcvclctp applied research 
for a continuing improvement of technological methods. 




THE SOIENTlFia OV BOONOMtO UlCVEIiOI»MENT 
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oh.ser\ atioiiH to wider ^generalizations {Novutn Orgcinutriy 13oolc J, xix), and idoarly 
rcco^jni.sed tliat 'tlie truts and lawful goal of tlio sciences linirian lift^ Ijo 

eiidow'od with new diHcovcrioe and powor.* 

'J’lu*. cnjjcept f)f an ohjoctivo world of physical r(3alit.y gradually took lirtri 
shaj)e in the, PCivoTitt*i.‘nth <'ciitairy in the hands of gifLod astroiiontcrR, Tiiatlifs- 
maticjians and Rcjtmtiwta. A few' names ma 5 ' 1)C nientioncd froni atnrnig those* wlio 
were horn in thc3 lirtst half of the century ; Pierre HFerinat (1001-1605), Christian 
Hiiygciis (1020-95), Jllaiso Paseat (1023-62), Hohort I?o 3 ’-le (1027-91), John Itay 
(1627-1705) Xtoliort Hooke (1035-1703), Isaac Howton (1642-1727), and CSottfriod 
Wilholm hicihiiiz (lC-lG-1710). TL'lio rale of ad\anooniont of sciencso ineri*a.sed 
progressively in tlic eighteenth and the nineteenth conturicss, and during the last, 
few d<*cade.s has opened now' frontiers with almost nnimagina'l)le x'‘'>«-‘'*ihiUtit'.s 

l-'ho advaTicoment of M<sienee. x>rcpared the. ground ftir the indiisLrhrl rtiv'olu- 
tion in IDuroiie in tJic oigiitc'cnth contury, hrst in sj)inning and w eaving, n<»,xt iit 
the nso of iron and steel, and tlion of electricity in the nineteenth century, which 
stiinulatod the grow bh of the ca}htaliHt economics in West JSi)roi>o and North 
America. The sijroad of the Rcicjitific oxiilook also 3 >r<'pai*ed the ground hu- tliC 
ago of reason and the l''rcnch revolution, which occurred at the end of the 
cightecntli ccntui’y, and jiroinotod tho growth of nationalism in hhiroiJe, iu its 
modern sense, in tlie ninotoonth century. 

Tlio industrial revolution increasingly roiilaced human and animal i»">wer 
1 ) 5 ' Mteain or electricity to drive machinery for the incrca.sing product ion of hoth 
consumer and eax»ital goods. Tho dovolopincnt of engineering 1 echniriue.s lofl to a 
cloMC linkage between soionco and technology ; and during the last hundred and 
fifty 5 *oarH, industrial development is being stimulated hj' a fteientiiic di‘<ofjVery 
or a Rcicntifio discover^' is being stimulated hj' iuduHti'ial needs. 

ITor tli€5 last live or six thousand ^'oars, or more, the aviT.tgo ijer I'apKa 
production remained more or less constant or fluotuatod within nari'o\v limitH, 
Tho industrial revolution changed all this, and led to a speetaeular incrcaMi* in the 
variety and N’olumo of goods produced. Ah a cojiHcupuMiee of wuc-h iner^‘a^^illg 
production, the standard of liv'ing of tho tulvaiicoil oomitrioH of West Murope and 
North Amci’i<‘a. i'<*ae.he<L a Un el far higher than, the rest of th<‘. world. Also, the 
ad\ancement of st'ieiiuc', let-liuolog^- aii<l industry', luafie it x)ohHilde for the* we.sttuii 
countries to heccmie .sti’ong military power’s ; and, hceause of sueh iiiilitury Hupre,- 
mao^'^, tlie west wan aide to hruig a large I»art t>f tho. world idther info flireet 
colonial rule or into condition.s of eeonomie-jjfjlrtieal suhjugatu»n 

The last fort^ \ ears ]ja\o also seen th<‘ ri.4<‘ of IT.S S II., aiu>tlu‘r wf*rhl 
pow'Cr, rajiidlj' grow ing, tlirough the x»romotion of .science an<l t<ohnology, in 
economic, industrial and military strength togetht'r w itii a c*outinuing ineruase iu 
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cl «*1‘ I iviii}^ ’The lilt iini-jj* »1\ t «t •-i it'iil i?»i jmmI t i « 1.1 j • 5 - • i< .. i - j. • . i *»i 

tJie IIJJ (“JuilllMllirsillll* inlllt.ll’.V Mipi t‘l tVl« «»•. fill* • ■ »H l* * if **.- ' li) ' ; 

The iut'r«‘aJ"iu}jr parity <lii* ' wc-Ntern’' airl fh*- * ■ 75- *5 ,,i 

«ciciic'<s , jiaJii.wtrv , .uni iiiiliUiO pfCAi i 1 .i 11.» f . iiin* mo i,, * -» * 

prcsoTil iiiiic- IJct atiHC Ilf 1 he imivrct'<'rl,»iif 1 »l il.- a 1 a* « » t -i? .-.j 

miclcair \N« ainiiis. if. Iiue. hf‘<ainic tih* «»lnt »*} \ it* v r.. .ai»*»» J -* 3 *-*1 • 

wcmhl b<‘. <*ataatriiiihic for lu»th siilrH ninl f )ti- uhuU l'.1 ♦ m >t • 11. • . J 

the '‘\s cNldrii" iLial the <‘ai.(<*rn'’ povicis lifi*- l.t-enini- jaji. aNi. 

TJiiTfi la jio iiit (*iil n in dll i*it liei >'hl«‘ 1 •» m.i kr- .t tin*** .t» t d 1. . * .t i .4 m t «1 

»“oniitric« apcciaj jirnliJi'in'' hccaii-i* if luif f*i 3 nhi • a h * <-'Uit 1 i. -< 

iiuloJiiiitoly ill snhjnj.'at it 111 . 1 cr, si 1 I* mijr lln 11 - aid h ..a.j 1 ai*.!*- 

bntU iK'iircr nr<s in its t^i fvfiia! itilhcri'* •■'*r *).» 1» .nj- 

vaiiocd ta m lit ricK ; an<l thi'-.wnuhl lernuiii .r t uni minn.: . «*«»i« « ».1 j* • 1 * > » -1 . - ui’s. t 
'J'ho v<iry <‘xis-tain‘«‘ of mu le r* h*v eh iIK'i} <'i •iiii f 1 je •'•tn •*! h i. 13.;« i. h 1 ’ " '< it a a 

threat t<.) peace J-t api'I trai»r-rMViii.ii hni «•! nII t h>' inif h i • h - * » h *1 • I . .. ..tir i *. iuf ■ 1 
moil cm \ iahin bocii*! i«*s is an es.‘>eiil lal ei iiul it u «ii h a pi a • > 1 h 3 i • m t.’ n . 1 e h a 

tnuinffirniat ien onhl pi * mnit e the • it liijht .*-141' in I ♦ h -» . t -•«» h p' - 1 » r ajp*. 

rtiKl 'wonUl also crvai to « dittli t ion.s f n \ tmii'ulili Ini* the iMlvaiif*nefit>*flti>H].«iiaiuI 
cultural vaUu'H on a \v<jrl(l-\v ifl«- 


THIS ROL [.• OF SCIENCI- IN 1 Hi: MONPUNISA I U»N Oj 1 lU I I SS 
AI?VAWCki:> C*<)ONr i<ll S 

Mocleriiisatioii uftlu* less aiU iiueeil e> mn t rti* ' • >iu 1 1 1 .ipei tiel-i Tii.*li .itiiii 

iw tliun an UrjiOiil iieetl fnr the \\ Imle orhl. Issmh iini>leiiu^.tti*m pii -ihh i.iii 
a iiiotlerii society N'itli a n itthU* i*ioiiont>, uiili es paieiitu' -.»» i.tl aiel pohi.iitl 
■freGcloiu, and cultural aii»eii 11 it-s, he KusiaiiuMl u if hunt i ->1 al d 1 -li tie* u -•oatni «-a-m i* 
he baso "? TJii.s is a tjiie.-^lion of i-riieiiil iiiixmi tiinre f.>r iJie at » 

Ill or<icir to aiisNser Uii.« quesLinn, it ia neiM'ssur.v f«» appn i ante tin 'h » X'» i 
olian^oB ill liuiiiau tliinlcinji; wUieli ■were hr<»\i^hl. about li_\ the i mt lyi m e (•! ■ » n u< *■ 
In overy Hphoi'c < if or^iani.Mial ivetiv'it.y in liiiiuiiu .Moeieljv, autb**ri1 ^ lut* nK^ui ■ hi cji 
associated, an<l iniisl, al>^ a>'.s l>e UHsoeiat-iMl with a ,'^.vsleni td luei ai« b*» •*! h-vi-ts 
This aiiplios to ))rniiitivo Hoeleties, mat riurt-liu U pat riareh«i.l 01 iiih.il , -.n* < r s-^iv e 
levels of fcnclal lords ; oi'^anisi'il elinrehi^s mnl reli^juius ; niililar\ . jndi* ** niel 
administrative s^-steiuH ; onterxniseH, biiBiiit‘s.'< ami (oiiiim n i* ; and hiw A la^' 
court of apjieal may rovei’se the cloeisiuu of a lower ct>urt ; buf iJjr- «h-i leioii oi the 
court of appeal is itself subject to eliaiige by a still higher coux't 'rio* th,-cir>UUi ol 
the bigUest court, to 'vvliioli a ca>so lias been actually* , Im.s fo he aci'eplcd 

not becauR© such a decision is necessarily right, but because it in tlu‘ diM-ision of a 




'J’lllii Kl.'l KN'l’lFIf! DAUK OIT JSC'O^TOMtO Ij IS Vlfir^OPMKNT 


siii>c‘i'n>r iiiit li»>rj 1 \ «S<n;U‘fj\ iikiiHt jic'CL'jjt. this* iirin^ipU- Tor stal)ilit;s and 

oi*d<‘i 1 V pro.iii »•% i-n III « iiisufl r«‘\cjJnt ioiiur\ a <*t i\ i tu“-». 

'TJiis \ a ut In lu»\i t.*\e-r, l)o alinnlntolv aiifl 

JL <*1.1 111 llu* lifld (if scit“iu:i‘. .st u~. on a acciiimilittioii 

of tac'ts, (HI Mi(‘ ol’ 711 o<*cm.sc‘S find llicir iiit <*ri*(-ia t ion s c»i' uitcrnct imi.-n Jiiid iv 

Htal)ilit\ 01 u iii form 11 \ of iia I -wJiitfh rsm Ik* d isfovtncd It.-s* tin* hiunfin iiiiiid 

'^rhc* ii i\<l I oi‘ IJic iiio.’->f i*ni Jiioiil. ail* aidijcct to critical (^Jn'<*k l>y I.Ihmi' 

j»r( *l*css M u la I ci il Icajjt iii‘S and liy t-ln* ^ imiinost soii'iitilit* uork«“rs, a.iid iniisi lui 
cd if no Nati.sl'ftt toi'y <*orroliora1 ion. (.•iiii advance oid,%’ 

t lu'oiij^li li-ei- cT i tieif-in on a < oiin»li* 1 nl,\- <U‘moiT.it i<; luiMi.s, wiiJi uvfiy rescMireii 
\v orket* of eoiiijietciieo enJ^»^'^nl< uffUfLl .sta.l((H 'J'Iki I heoi'e-idufil (jl* cfiiieeliLnal 

framework of >^i‘ieiie(: must. I>o < oiilinimlly rtivi'ii'd to find ii prope*x* j^dact* for all 
known fn ti-, A Nin^zle m w oI>a<“r\ation may call i\>r a more < omjirchensive flieoi.N'. 
d'iio older fi eeui\in lat ed Kiiowledye taml jiiut‘s L<i renniin \alid , hiter diseov'ericus 
niie-«t, h<i\\e\er, Ik‘ iiit4*7fi‘at ikI \i 5 th 11i<“ (‘iiilici’ know ddie iiec.imni lutioii of 

.seienlille knosv led}j:e i.s inereartinT* thiMinj^h Mio »*lYortM of all Iho Heienl-iliu workerti 
of the world A iK*\v I'aob nuvy l>e ol)Hei*N<*d 01 iv now theory lorninluted any 
worker, lK>\M*\er oiin^, and 111 any emnitry whert‘ reHearch has heim I'stahhshetl 
International eoUalioral 1011 is», thettdor«, uii indiwpensahie eoiK.litioii for the I'l’ugiH'ws 
of seieiice, 


AntJiorifcy tlerivecl from 8tat/iis irt ji*n*lovaiit to wej(*inu*. ►Seiajiiio haH intro* 
diicod a ticw conec'iit. of ‘HOientilh*.’, or ‘ohjeetivo validity’ viliiidi haa itw foiuida* 
tion in naliiire itself, and ivhi<sh cannot ho tix)*sofc hy «iny mithorify ha.sod rm .stid 
or by Miiiiornatnral ^towers. U’hc triiiiMformation of all the advanet*d 01 rai>i4lly 

2. It is posaiblG, indeed, thai this decision itself would h.ivc been rcveised it' theic l\,i,d been 
a still higher court to which the case could be referred. If u decision of a higher court of appeal 
is considered to be like the luining up of *ho.»ds* (in tossing an unbiased coin) when the decision 
upholds the vcidict of the lowci court, and is considered to be like iho luinme up of ‘lails’ when 
the verdict ot the lowci court is icvcrscd, then the successive decisions of the higher couit would 
look like the icsuUs ot the tossing of a coin. 'I Ins would be the real guaraiitee llnil the s>sicni of 
law IS functioning picipeily. 

3. The phrase ^Liniloimity of nature’ must be, of course, interpreted to include chance 
events and landom pioccsscs. Although games of chance weio known and were widely pievalcnt 
in ancient times in China, Inthii and other countries, it is important to note iliat the concept ol 
pi obahility did not arise until tiie 16th and llic 17lh ccntuiies, lliat is, not until the ctncigencc of 
modem .science. This is easy to undeisland. Before the cmeigence of the niotlcrn scicnlilic view 
of an objective world of physical jcality, all chance events would have to he nccessaiily .isciihcd 
to the whim.s of gods, donums, 01 supernatural foiccs After the omeigencc of the scicntilic view 
of an objective woild ol physical reality, it became necessary, both logically and psychologic.illy, 
for the human mind to accommodate Uie occtiticncc of cliance events as art integral part of the 
unifoimity of natuio This could be accomplished only on the basis of the theory of probability, 
or rather, as 1 sjiould prefer to put it, only through a statistical view of the worlil. It seems to me, 
therefore, that the concept of probability, or the statistical view of the svorld, did arise at the 
same time as the emergence of modem science only because it could not possibly tiavc arisen 
earlier, 






(* 

iifH hiiJ t**l wii j.t i ii*', jn tit* . i' .tj ^ s a-- ?»<» i-nr. a 

tei'iiMitilif »<r rul imml V nt' UTt* i*, I la t i« ‘tt * »f l * • ■. ' ■ i i. . . 

It In 4•!» tiM.1 Ml cvi'ry tn itit'l Hti:« it « • s ^ ^ 3 • i-> » -.<1 

a a.\ I *f < liiiiU III}' \v aittl a- it »h fiMri* 

a ul<‘ly .I'JtipliMl, hihI vOiirli m'J|w r-t it ai.-ll * * -t • I 1.1» 1 » t.jniM 

'I'Vii.s o>ttUtnVv II ' ‘"i-i \ » ii*l mu 

taiic<‘ ihrtai^Ii t Tii if'il lifr-tirs* » » n**j***i;* mt i.Miut M 

til at. a \s iwt' Ilf iliiy ai ul pri ijirtiiuuu* of a<*t loii HKnulirl 1 i- iiii 11 a j t 1 • o* !-•.•!» 1 1 »m f hi* 

husin <*f I'iit i< iiiai jin'iit, 1 * V rt*l«‘Vaiil f««• t mil i« h'l i> ■ .i i .* i ■ i mu S« I U' «< i>«* 

roji'i iftl Ihm'ilusi’ t»f fnin + mual liiitH <»r formal flii^/Juas rtr • . h«, ^ >■ i. t»iial ruif-. r*f 
It is, tlii-vi'Ciii'ii*, n«‘t*t*ssary «H»iitiu\iaU > t«» I'li* «■t»iou i t rtiMott*- ih** 

advanc'fMiu'iit nf sfiC'ina.-! in ovory i*r»uiitry, larirc' »-r .••mall is 

iiiclivisilili', and al'io luTtni.-'t* must !»♦• il i?i . «*tmtr,. , it la 

also iKM-o.ssa v;\', ooiit iimally, l»> sfimit ilit* ml lal mj-j** imo 1 » 1 \iv» pu all 

I'miiilfU's of ilo* oriel. and, .small, ami adi'imoofl or do\ oh ipiu-' 

It i« soanad^ mo'asHtvr^ to jioijif out iliut Ihon* is jo* foiiHikl liiw* *11110* 
aciaiitilio aii<l rtitioiial \ low of life on oin* liand, ainm ami o)*ji otisos l-a-rd c*n 
Tiiorul or oultufttl vahii's, on tlia otluT huiid. On tlu* <a»nlrar.\. m«n'al an»l oidtaral 
valucH wliidh are truly universal, ami am narr«>\\l\ Hi*«*iarmTj «*r nat iMimlisI in* in %% 
rchtri.cli,‘<l wentto, niUHt Uaso un fdi]«*eti\e uml rutionul hasiH. 

I'lio atlv’aiU’ennmt of sou^iicn* ami tins >froutU of tlu* .soioni iiiv oiitloitk nmsL ha 
x*ecogniee<l as un OfiHential ooiiflitlon for tin* niOflomiHut ion of t)»o h mKanrod 
countries. It in neceabttry for eui'h comilry to liavo, as ijnirkly as ji 

nunibor ofnu*ii •\viLU a Hcio.ntitle outlook to inlli’cnof tin* tlunkm>.» >»f tli* mttion. Tlow 
to attract and liold a anfllcicnt nuinher of ahlt* iK*rs<iii« tf» «oi»-nt i* is thus flo* orm ial 
ijroblojn of national and orltl dcveloi>im*nt. Thiw can ho uchii‘\cil tuilv thrt»i>Kh 
a proiier and adequate social ax>l»ri»oiatioii of Hcifiifu and st-iojit ist«. 'fho actual 
tranefoxination must l)tt brongUt ahont frmn within eacVv cuuniiry. HoicnlilU*. aiil 
from tlio advanced countries can, howover, be of great liolp in this ^trucoss. 

PRESENT PROGRAMMES OF THCIJNIGAh AIO 

Xho ncocl of teolxnioal aid haft been recogniftcd for i‘ivnsiili'‘rabli* {inn*. 

Bi-latoral or multi-lateral and interiiationul teobnical aitl haw ofUm lukon Iht* r«»rm 
of oither offering educational and training facilitios to young w orkr-rn from Ibe 
loss advanced oountrios or sending toolinical or aoicntific expertn to hucU ctumtricB. 
Oonsidorabl© benefit has no doubt aocruod through siicli aid but it iw inH'cHwary to 
recognise that such effort lias also been vvatitod. 

Scholars from the loss advanoed. countries are usually eoleotod on the basis 
of results of examinations, success in examinations not being a necessarily reliable 
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inclictutor* of aoitjnlifio or teLiliiiit:u.l ability, fclio vory process of etilcctioii is iiiofli- 
uiont. feSoine of 1/110 younj^ HoliolarK liave diflioiilty in afljnstinj^ tlioniHol vch ti3 tho 
pal/terii of liviii}^ in tlio adviLiicorl counfricH Some of them do not do a\oII in tlioir 
studios. Some juxsm tlio Cixaiiiinations Kueots.s.sfully but hitvo no aj>titudo ftjr .soi(Jii- 
fcifie \\-ork. Some of tho more? al»lo BoliolarH pritfer to live aiul suttlo down m the 
advanced conntricH, in the TJ.S.A., hecaimo (»f tho iii^'her level of livin^^ 

or^'^jrcator opiiortunitics for .sciiiiitific work. S<iino scholars of ability, wlnm they 
roturii to thoir own countrio.s, are unable to fiml snitabh*- opciiiin^s for a Ht;u^nti(ic 
career; anil some of them j'o ba<‘k to the country wlievt^ thrvy wtiro traintsl. In 
axixiHccl acionco and tocdinolo^y, and oBj>t5i‘ialiy in soiual .seii‘nt:(;H, niiiny yoniiij 
aoholars, who had often aturliofl x>i’uhlt4ms or learnt jnothodM whicdi are aj>x>v<^x'rbi,te 
for advanced countries hnt totally irrelevant to their own native countrie.'H, arc 
unable to adax^t or <levcloj> metho<ls to suit lot^al eonditioiia. Out of the lar^^e 
mnnher of aeholata wdio to advanced countries for training, t)nly a very Hiiiall 
iiunihor of really alilo seientihe workcra ultiuiatel^'- beeiiino available for fruitftxl 
work in tlioir own country. Tho cost of ^.^iviiiij^ .soieiitilb*. or technoloj^'ical truininju; 
in an advanced country is also very hi#'h. Ciivinj^ training to individual Htdiolar.s 
in atlvaiicod countries (whotlier the oxxjenHos are tho fV>rxn of forcdgii 

aid or mot by tho scholars thejnsolves or by tlie country of origin) have been, 
therefore, extremely wasteful in terina of both men aiul money. 

Tlioro has been also continuing diflioulties in lliuling suitable individual 
exiierta for tho loss advanced countries Comi>etcni Bcicntilio workers arc rchiy- 
taut to accept such assignnioiit.s x>a.rbly because of the lack of fac.ilitie.s for thitir 
own work in bh.o less advanced countries and jmrtly l)ccau«e tludr scbuitillc t>r 
academic career is likely to bo adversely affcc.toil t-hrnugU their abHcncii ahroml. 
Ill consequence, assignments somotiines liavo to he given t-o XierHons who rirt^ not 
fully qualified for the job, with misaiisfactory I’cauHs ''fo create suitable con¬ 
ditions for scicntiiio work in tho loss advanced countriius i.s an iiid coiuH- 

tion for attracting coinjxetent suiontists to go out to .su<di <;t>untrit*s. 

Programmed technical aid on a groiqx basis has licen more ofrcctivo. A ttsaTii 
of young engineers from a less advanced country can riiueivii most valuable training 
in an advanced country w'hen such training ia orimiti'd to aiUMnfio. ti*irhrioIogi<’Xil 
projects. Teams of exx^ert.s from advanced countries have also f>f I'e-ry gri'afc 

help ill ostaldishiiig facLorica or in starting now proji'et.s in the Ickh uils'aneed 
countries. Such teclinical aid, eHx>t><-’iully in onginocriug, toelnifjlogy and npj^lieei 
sciences, should bo continued and exi»audcd. »Sx>ti<'ial x>roj'^‘etH fur oMtablinhing 
tcchnologioal and reaearoli centres in tho Io.sh advancial coiuitrixis liavo alwu beiui 
taken up by some of the international agonoios. This tyiJo of aid can ho of great 
value provided a sulfioiont numbox* of scicntiiio workers in tlic loss advanecui coun¬ 
tries can be trained to work in such centres, and also cunditioiiH 

are established to enable them to do their work xjrox)erly. 
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SCIENCE I DtlCA’lION AN15 R! SEARC H 

I (• has ill the fa.rln*i’ -<i** < i»nis tliiit hn jiii i« I* a ui t a -n n 

^ai\s tf > <*stal>l ir^li a I'l Miin lilt i< in f»>r r^■e’t•a^^*h iimH tin* .r p(4i st r i> in 

ot sfiemt; in tlu* flc\ alniiiii.i'; and U*sh :nlNanri-fi i’«nintri»'». T’Acrv p.i t h-ti ii< l*‘i in a 
now nl'I’oscniroh imiisfc \Mirk in tlm lirr^t li^v* liun-^i’H *1 lo' i * ai* .m’^ -Inl, 

c>tlu“r porisoiis izrailiuiUs mtoroMtotl in tin* siil«j**rt iSju’li pat-h Jjinh i'■ .il«a\.s 

had, and will alwa^\'s lia\ii tn cj\orc'cnno iriii(*)i «>i»|a»‘'itit»n, aiul »-\i-n In* until 

trlio tii'w rtulijrot hootiTMOM a roi'niiiiiv^od jinil nl* tho **t*''f al»li - la d liold nl •timifo, 
J-liit il is nnly jx fow .soii-nlists ♦>!' nut nltilily v.ln* laiii w«>rU tn i*-** il.it mn . 

Itic iMt. i'o^>i*aroli w ni’kors roi pi ii'o 11 m stiiiniliis nl' froi* inlfi-tdiaiiiji* • *i v i* w •- and idt'ii'^ 
and id' apiiria latinn aiiinnfj: jirnfassiiMuil n 

n'ho ^•lnlmnlUll^ rd 'll'i« ni t i stha-x a .“^Iruidm-i* «>!’«i }-oi‘n‘‘% id wnh-idnu » indi'-^ 
sindlai* In llio rind nro nt si ionlifio nr nl’si-ioin i* U'« a wlmh'. ^^'I^«-n a tnp 

si.’ionlist sftoaks aii]»rociiil i v ol\’ nf .snnu* \t nrk in *>iu*c*ial lii-ld. nl ~t 

nf Ja,x' iTU'U aoot'pt his oNalunlnm iind pa**?' tni t ho n dni'ii i.i t n m t'* nth'd- Tin* 
Hoaml ap])j’ooia 1 ini\ i d'soioiioi* |-;rachiullv I'liK'rtfos as a m.sitlt id’ tin* diiVasnin. ui 
widonuiH fiii’loH, nf tho viots.s nf si-ifiil Kt h. win* am oxjioits ui ■] *1*«■ nd j n *1 lioUis 
of rt‘M(.*ivroh, In KciontistH in lolatod and ussni'iutt*ri holds, linn l-n smontilio 
■wnrkoi’rt I'oncrally, and hnull.N, throuj^h porsmis nrxiti.silina am! standini,* win* haxo 
cnntac'tM with sciontirits, to llu* ^‘Tioral pnldn*. 'Dio sjmod with whioli stu h aj»pra- 
oiat.mn oau axiroad inoi'oasoH rajiidly with the inorcaso in iho nttinhor nf soiotttiho 
wni’koTH aud imjirnx oiu<*nts in tlio ohannolH nf oniiiiiunn oivl inn. In tho ailvaiifoil 
oountrio.s, llio atvaroiiosH of tlio iinxim-tanoc <»J* Hoioni'it i.s iiioroasin^ rapidly wliioh, 
in itH turn, is rainii]^ tlio antial Htutn.s nl aoioiit ists nnil is jimiuntin^ an inortaia- 
ing llotv of rosnnrcoH for roKoaroli. 

Tlie whole iirocews i» extx’oinoly slow' in nmlox’iUjvolnxiod onimti'io.s 'I'lio 
nuiuher of research aciciitiHta la \ cx'.v small; and olianricds t>f soionlHio otiDUimiii' 
cation are non.-oxiatcnt or moagre. Soicn-tilic workors usually roonivtt low or pay 
and have a lower status than the administrative* staiT in ^nvoriiTnont nr ui litiHinoH^ 
concerns; and have to work m a rijrnl systoin of hieraroUiojvl auti<*s, 3 ’i'ntnn- 
tion may depend, not so much on the hijgli ipiality nf the soU'ntilii' work drum, but 
on success in those a'ln> aro liighor \ip in tho nnioiul hioiNirohy. lOvon 

Xmemiswion to for x»OHts clsowhoro, is swhjo.ot tn the disomlutn nf svtporinr 

oifioer.s. There is a cniitJmnng toudcncy to lirixig soituitislH uiul soiontilio work 
under stric.tcr ot.mtrol of tho administrators, luvrtly, iiorliaxts, from an lUMajiistdonn 
fear of rivalry of x'owcr. ICvcn if tho idglit of oriticisni is aeci-ijiloil in principle*, it 
IS restricted in practice bocaiiso Rcicntilic workers ai'o ofton afraitl, ri^j:]itl^* nr 
wrongly, of giving offcnco to iioraons lioldjng higher xiosts In cnnHccpu'uct*, many 
scientists in underdeveloped countries suffer from a laclc of self-eonli<lc*nce, and are 
afraid to take up original lines of investigation. There is little iiUHaihility of a 
proper evaluation or axipreoiation of scientific ivork within tho country. This loads 





Til K Hr’JKNTli rf’ il i.'ili OJ-’ lvt.'f>VoMir Ol'MJ^N J •* 

1,1)1X11 lixTxvtf* 1 • li-pciul(*int‘ «m Hic; n]iiii If )ti oi I'o >r4'i 1 '-f uiil i--I -i .(inl L'lvf i i •■* 

tf) 11111 < li iTuitixi i\ i' w orlc j, xx ln'ii lU«‘i <• i.‘> liXfK oi ix]»^ n f<‘i ixt i‘ >11 ' *i' « 11 > ‘ i --in h* o <1 

t h(j a<lx am x*fl ft mut I'U'jn, th iTf is st tiiii'tiliii*') ix t <‘inlt in'y In aia r iKn 1 \ i t ■ uni; t x » an a V »!«* 
vit»\\ in I’lxi'i.xl oi- uul niiiiil jiif J ml then' is n-si'^liiiit i* auiain-.t ««il 1 , > 1 k >1 a t n > u 

S^ itll SfUMll J’-'ts. 

Ell xiiulfnlfVfloin'tl tminlrxx’rt Lli<*i*x* im* v«‘rx lc*\% . >»>in«'l 11 nr-• ‘'n* ‘n 

iuflix’iiliiiils (»f «)ui si aiu Vni" ixUility in sri**iitilir rr-'Cttn-U or iti ai»% fnln-t -fn-niiln 
Iic'icl. Ah Iruilc'rsliiji ran lir KiLpipliml oiilv* hx* iin I Lv nliinl s nl Ini'h txlulilx, anil .1 
siu'h jirrsfoiH arc ir\x in nninht'r, it i'X liiin h iliilifuli m iiirh• 1 fit x • ‘ja-f 1 

roxuitrix's In nt il i.sr I lir srrv irr--. oT imiiv nh aK <»1 ixvi'rnur a lull I y anti • j» sa hln a I a m 
Tins a<lvan<'r(l ami mix a n r 1 ft )nnl i*irs Itax «• jx floiihli' u«lx mii a^j"'’ M'hn> hax'“ tX 
largxs ammlii'i* of ju rs<»iis x\ii-!i «infx\ilirs nl Irmlrr-ilup jxml ran. t Inn rr«»rt-. niih •• «n 
a rriiitful x\ ay laigrr imnila^i’s fii iirrstnis of as <*ragr .xhHitx. 'fhl 1 • vxhv tnanv 
Hrimtilui xNuikrrs iVnm uinli*rxlr\ t.'loprcl x-niinlrix*H, x\ ho arr nnahlr in *1'» nnn 1) n • Inl 
M nrU in thrir n s\ n milivi' rovniiry, ran filti'H tin vrr;^ gfx*'! %sr»»k in tin riixiiniim* nf 
<jf*L liiglirr stixix'. of organ isixt uin ol rrsrtirrli in an mlvaurifl roiintiv. 

Tlir aim of Hriantillc auL miisL la* to mnxti* in i-\<'i\s nmIrni**v , 1 nja • I 
uouiiiry, us qxiirUly us possihlr, a Huni<'i<'nt. iiutnhar of ri‘siairrh srjrnl to Iniin 

a uonixniiriity of iirxjfrHsioiiul woi'Urrn whirU xxonhl lx* Huflirirnl In* larui- l»> luf iliiati- 
an iiiclapx*n<lout rvaluaiion of Hcnnitilio xv*>rk throngU frrr fiili«n-iii uinl ft .ink 
cxciiango of views. .11/ is, l.Urrelon*, nrc<issivi\v to foru.n attfnition on iikfh'nl il'.\ 111 vi 
and giving Mux»i>«»rt to nvIio havf* the ahiUty to uiiflfrtukr rr-iraja-h work ot 

liigK quality, and to try to iimreaMe thrir iiuinhrr as ijuiekly an juissihlf*, aufl 11 m* 
aamo time to ofTer <.ii>XJOi*tinutlrH for training to prrsoim of uvoragi* rilnlit si vwhn’.ii' 
ecrvicos vonld ).>o equally r.sKrntial in siipiilying a x\idr l»usr loi- the i»_\iauufl »tl 
scientilic work. 

ITliorc is nryonl need <if fostering the sjvii’it of ohji*rli\<i sriontilir rnlir i.xm 
through frx)c exj^resHioii an<l cxrhnngo of views ami <>j»inini»s. Om- t'lrrrtix** w .i\ i^f 
Xn-oiiiolnig this xs oulcl lx* to luaUt' it ruHy for si-h'utilir \\ orkrrs to luieratr fnoii 
one x’ust tij anxilhor and gi\r un absolute guui’antro nf surh frrrrlmu In min.it- . 
Any .scientifiu xvorker who feels, rightly <»r wrongly', that, he has not enniigli npj.ni- 
tuniiios for fruitful vork in oii<? uislitution uouUl hi* frei* to Tnii'ruti* in --imjm' nthi i 
iiiHlitiition. )Sufh migrations or the poMMihilily of Hiieh nngrti 1 l*)n*i Monld huMr* 10 
indircet hut most inil>orlaiit sfdective elTei-t cm seietd ists al uU le\ nl-,. 

It is ni'i’OSKury’ to reeognise that tin* Ho<*hil vuhu* of Indix iiluetl i »ti 

high ability i.s far greater 111 a developing countr.v bec'uuac* of ( be. h-mb i -.bii. Vo* }u.i> 
be ablii to Hxii)ply^ It i.s only aeientists eugagi'd in funthunenlixl ri'-^i-ureli \xbn r un 
function as tho oyea and eur.s of the cia 1 .it»n. iu making the luxtion upinei i.tt»• and 
identify urgent needs of tix>x)lifd rcscurt'li. 'riio enxx*rgenei* of i*ven one ni t \x o t»id ■ 
standing researeh seienti-,t.s can enhance the xirestige of tlu* nation in u 
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ficant way at tlie iiiternatiunal level and promote the af t and 

self confidonoe of the nation Thia is wliy it is j>arti«ularly important in 4 

countries to indeiitify such individuals, at first very few in ntiirnlmr, aiol th*uu 

all possible facilities and oncouragomeiit to contiriuo their worfe in tit«nr »#>i%n 
country. 

Ill tlio highly doveloiiod cuuntrioa suUuico iwivaneed he»th friuo at tin* 

highest levels of research, at the top, and from tins v-idc* di0%ju«ion «tf t'dut'alion, at 
the bottom The aamo strategy may ho adoi»t«jd with ml van* an fho h 

advanced countries. What is urgently nueded ia to lay thw fi»un«i.iti*»rt h,, vi it fx 
wide a base as possible, for a oountry-widc syotom of aohrHil o^Uioation Mraonted 
to science and, at the same time, to develop atlvanrwl studioit* «»f and 

technology and research at tho liiglieat level. The Holiool syatem Kit int*» th*« 

economic life of tho general mass of the peoido and have it a gra-HA r.totw in thri 
villages, It must offer facilities for training teohnieiuna and tt-ohmi al 
for acieuco and technology and alao supply canclidateH of im-rit IV-r 

admission to higher scientiilo and technological iiiHtitutioMH. 

NEED OF DIRECr A,|D FOR SCIENCTH 

X shall offer, briefly, a few suggeatious for giving dircot aid for thn 
development of aoionoe in tho less advanced countries. I have tiu? i«r-rtd 

of building up a system of soliool education with a deiliiite orientation tu ^cioncitv 
It would be, however, a fatal aniatako to cstalflish an exj»cn«tva wy«tc!iin t*r <Mhi- 
oatioivon the model of the advanced countries whieJi \vt»uld have littlo mu'** 

to local needs and would ho beyond tho means of thu iiatiounl cfooiioioy. It ia 
necessary to evolve a system, Uirongh exxierimuntatitni and trial and 
which would be within tho means of tlio national economy. Tloi *vppr*m<’h um^t 
bo therefore, louse toaoli^ing aids vv^ith are easily availalilo or can ho avadahUr 

on a large scale and at a low cost. As most of the i>uiuIh will Im li^ ing in v 
it would be of groat advantage if agriculture and Bt>n»e of tho rural iiulindriK'a can 
be adopted as a base for the teaching of ao'ionco. Tho iirogramwie nmy consist 
largely of nature studios, observations, and oxiiorimerits whioU ran he d«»ru» itie 
the help of simiilo articles, ax>ooimonB, oto., likely to ho loealiy avaihUdo or which 
can be construotod with local materials. 

There would be still some need of supplying toacshing aids* aiul 
from ootside whioH would have to bo Hxiooittlly doaignod to rotJuet. tumta. It i* 
easontlal also to prepare books of instruotions and text books to suit a fairly wido 
range of needs. Tbeso are diffioult tasks wliich. would call for oxUMidod study and 
researoli by scientists of bigk calibre witli a serious interest in problems of seienon 
education. As basic conditions in undordovelox>ed oountries ar^e likely to bn 
similar to a large extent, it may be possible to evolve broad general motbods for 
Boienco education whiok would be capable of being adapted without much diCSoulfey 
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tu Huit clifFcriiif^ lucul 

A. gFeiiti clo*vl of jncjinjfrin^ reHetvrtsli woultl l)o nocosaai’y for tiliis jjxirpcjao for 
which tiie- helii of acV\ ant ed KotitilrioH iw inilitiponfcaltle. A good doal of cxi^eri- 
rzicntal sfciuli<*« v^ ill hsLve lf» he unrifrtHlccii iinfiot* ct>n.<lit;ic>rtR ticfcually prevailing 
in uriderdov cduiiod rcgicuiH. In the tlie Hindiva \vould have to bo orga- 

niHocl on a Kinall acalo with the lielp a«<l *>uiiport of the lot:al authoritioB and of 
such teachera and Heientihtrt aa may lie available to ctiopcrato in the venture in 
tilts untiorilovelapod country itself. The i»roJeci oati bo gradually oxtoiicled, in the 
light of exporience, to cover tliiTerenfc Huhject (ielclH at difFertuit educational lov'ole, 
and also from oxie undordeveloiicd country to aiiotlior. Porbiinaiely, even oiio or 
two Kcientista can start tho w'ork in orio singlo country. The* important point is 
to make a hogiiming at tlie earliest o^nsortim ity. 

X may now mention a second tyjso of programme. Certain facilities for 
Mcientiflo rosoaroh aro already availablo in India and other dovcsloidng countries. 
Xri most of theso oountrics, sciontitio work Is hoing liainpcred for lack of small 
roplaoomon-t parts, additional aocoswories and instruiuonts, and auj>i)ly of esaentiaX 
consuxnabLe stores which have to be iniiiortcd from tho advanced countries. It is 
often difficult to secure bnxJOtt liconcos on account of sliortage of foreign currency. 
This diHUsulty can. bo ovorcome through a simple plan of gifts in kind of ropla- 
cement imrta, inatrumonts nnd oquipmout, stores, books and journals and roiarinta 
or microfitina of soientiflo papers oto., to be arranged through iion-govorumontal 
ooniznlttoes of scientistB. Such committees, which can ho sot up in. tho advanced 
countries through or in coai>oration with ajipropriafce Boiontlho organisiationa or 
Hocletios, would try to secure suitable grants from Cfovornmont and other sources. 
In dovoloxjihg coimtriea whore eeiontilie research has already started, the ooimter- 
liart committees of soiontists w'ouLld also bo set ux), preferably, at a non-govern- 
niontal level and with a majority of mombors from uziivoraities and non< 
governTiieiital scieiitilic iuHtitutions. All arraugomonts would be made with tho 
concurrence of the go\eminent of the less advanced country concerned, but 
declsioxis relating to gifts for scientific work m\ist bo made by«diroct consultations 
between the sclentifie ooimnittooa tliomaolvos. A scheme of this type can bo 
usefully star^ted, on an oxjjerimental basis, for a few solootod countries, at a low 
cost, with gifts to tho total value of perhaps one or two hundred thousand dollars 
per year. Tho amount can bo inoreasod if tho ©xx>orim©nt jiroves suooossful. 

Another important form of soiontLfto aid would bo to arrange for oomiiotont 
research scientists from tho advaiiood countries to work for a year or two in oxia- 
ting reaoareli unite in the less advanood. oountrios or to holp in establishing high 
level research units in such countries. Tho less advanced countries can offer 
challenging problems and opportunities for research in many ilolds of soienoe, 
which cannot bo duplicated in tho advanced oountrios, for oxamplo^ in geology, 
meteorology; biology, botany, and zoology; agriculture; medical soienoe and public 





acHool- acriBNOM 


Iiealtli; economics dev elniJinent, Uii{<iiistic'£c, ar«.-Ii4¥i‘Ml«nuv . I*i h*,*' itric'u I 

cultural studies of various kiiuls. in hoiuu f»f tli*- dev '-o lai tm* ts 

would be also incroaHluK opporbuuilios for m-tive partn *jmtir»n so r«^;^«;-4.r-dfi lu 
matlietnaticH and sfcatiHticH. autl pliysitM* elieiuiraJ ami ^ to 

oatabliahlng research units in uiitleirrlex oUhumI it wMiihJ Iif» «i«"4irnJ>ih j.h 

keep one brond aim in view, namely, tn encourage jivini Ktiuiie-. I»\ 

ration l>otvvcen different research unitw- ‘IMum would hidp in <le\td«»|nsic o <io8siinii' 
nifcy of researeU cells or units whieh, in its turn, wouhl hs^lrT Iho gr«»iAiU «»f tise 
sjdrit c>rHcicntific criticism ivntl apprniKal (irnoiiu wider fireh-^ «d ifis ■»\-i»rker‘^ 

To attract comxietenb visiting acicnli^»ts it m ueee«<M:i,r\ !•* »»nVr then* iS*l le- 
to pursue or start fruitful research lu the h'ss aflvatieed coiiTitne?* ; 
special eciuipmcnt may have tc» he prov idcul for thin x*'*r|»o««e So* ondSv , tio’ 
assignment in a less advanced country, uouUl have to he* Ireetteil «> fleiml at i«»ii m 
the same Avay as particiiiation in Hcientilic e^xpeelit ii»nH, an«l vvltnh vvemhl he 
recognised as a part of normal dutica and nlnti an a pON««)}de (|tmUfieai fV»r |»r«* 
motion. The visiting Hciontiat mu«t receive Hufliciiuil e'ont{>en»atfcon in lim lumu* 
currency to meet hJa continuing homo cummitnieiits during In»* iit4#*<-nt * S4fir«*«d 
Living and other local oxponwoK hIiouIcI ho normuUv mt‘t hv- the inat it iit u>ti or 1*\ 
the government of the country in. which ho would work. Such sharing of eowfcs 
would i>romotc effective cooperation in the Ichh adv'aiicml cuiintry, an«l uouhl al+o 
reduce the total cost apxircciably. 

An. important part of the roaponaibiiitieu of a visiting weiontmt would Uc to 
give training to the aoiontific workora of tUo undcrdovolojivd When 

necessary, tho visiting soiontists vv'oold he able to aclect, for further traiiiing in an 
advanced country, tho right tyj}© of porwonw who can he depended niu^n to g*.* Imek 
to tlieir own country oftcr tho completion of the training ahroail. ft xvouhl he 
also possible to give aid in the form of equijiment and inatrumenta in an effective 
way on the basis of objective appraisals of needs and pcmsildliLicf^ hy the v iniUtig 
scientists. 

A fourth programme ooukl he to send from advaiiofnl countr»e*« ymiim 
scholars, who have just finiehocl thoir education in univeriHititm or higher cilii- 
cational institutions or havo already done souio rcMciirch, to wtart or continue 
suitable lines of resoaroh for about two ycara or ho in uxiatiiig iri^tituthnuHi or in 
research units to ho established for this pur^ioMe in uudnrdovnlrtperl e»»«iitrie.^. 
The common participation in. research projoota of young schularH from the advan* 
oed and the underdeveloped countries would ho of great help in ostabUsUing 
soientifio traditions and an atmosphere of soientitlu oritiuisui. It would jirornoU^ 
self-confidence among the soientifio workers of the undcrdovcIojKKl country, 
especially, if the visiting scholars from advanced oountrioa take higlier dcgcc>c.s from 
institutions in the less advanced countries. 
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AH thv uhovf forint* t.f ai*l can be ntartod, if deairccl, on a small 

j^calc and at 1 mi.v cop^t. anil, if **an be exi>andod in the light of ex- 

p<*ri<'r»co. tbcNc* fVirrii** t»f Hcicnt.ifir aid %^<nihl not in any way overlap or 

hamiirr bmif*i*r prriin-nninicK f<»r tilftK of expeiiHivo <‘ijnijmifnt or largo j^rojocts for 
the iij> (»f nationn) f»r regiDiml c‘<*iifcr<"M ami iiiHtifciitfa for «cientiflo roscarcih 

in tilt* Ir-Hw ad\si.nrecl cemntricF. On the contrary, tJic nir)clo»fc programme doaorihod 
in titiw n<»tf woniil jire|»arc» tiit* irronntl ftip bigger j»rc»jcc‘tH, 

CONCLUSION 

In ffiuednHiion I tn*iy refer, very briefly, to Homo recent dov’clopmonts. After 
flit* j^fcond world war Ibe rnf>vement f«>r torininatjjig etdonial rule gained rapidly 
in «fcrf‘ngth ; and one ctnnitry after another in Aaia and Africa has won political 
mib’iu*Tnlenei*. It iw being iiit*r«*aHingly renUHcd. h*»\\ i‘A‘i‘r, that inflepcnclenco is not 
('niiiigh ft»r oeoiioni i e tle\ elopment. 'TJu* ofeenn^Mnie and teelinieal aid is also 

being inoreawingly appreeiuletl, Hoth tUo. 'weHtern' ninl the ‘oaHtorii' ^jowers 
have Htnrted helping in the evoiiomie •U*vi*lo|»nu‘nt <»f the less advanced countries 
in Af>ia, Afrieu an<l X^atln Aiiutjcci, bu« wtill without an adcciuate imiiaot. The 
time has come to reeogniaci that eeoiioinit* aid ih i ssvntiul Init is also not snfUchmt, 

Jte\oliit i<»nH to capture political ptiwer hav e bcini occurring throvighovit Jitiman 
liistory aiul ar<« even now occurring in many of the iwditically irnloijondcuit ooiin- 
Lrie« iji I^atiri Aineriert or in most of the jiewly ind<*ponrlfc countries in Asia anti 
Africa. HucU i'evr)Uitioi»H <la not automatically prtnnoto rapid coornnnio develop* 
nient, bcc-aiiM' purely political ravoliitlons tU» not lead to any fundamental trann- 
forir!att<m of tli« old society- hawed on the principle of authority associated with 
levels of status. Tt is Iwcfuning increuningly clear Unit Ptvphl oeononiio develop- 
incuit cannot be acliievcd ivitln^ut <lc\ elojdiig a wtnic.luri* of Ht>c*iety in wliich 
dccisionn would temi to b«» made more ami inor«‘ t»n groundK of leason, tjirit is, in 
aocordanoo with tUo prinoixjlo of objective validity in.steud of authority. It is 
rcdevaiit to nolo tliat tho ITronoh Revoliition was xjrcc'crlod by tlie age of reason ; 
the Ainoricaii War of IncU^xiendenco had the sripporb of influential leadt^rs inspiretl 
by the apirit of Boienco ; and the Hooialiet government, \vhicli a> as cstablislied after 
the October Hevciluiion in J017 in Ruawia, made great efforts to Injzld iif) a C!ountr;j - 
'vvide syatein tif aoiexiec’-orie.ntod education and to x»^*>nioto scientifio research and. 
In this way, sueoGc?dcd in rnodcrnisiTig the whole sociefc^^ leading to rapid economic 
clovolopmenfc. 

Ono thing is clear. fn the ahHonoo of raxnzl uoonoinio devcdoxniient, political 
cionditionft in the Icmh arlvanccul countries wauhl remain unstable. fn many oi* 
most countries there vstJiild lie one revolution after another tending to get the two 
jjow er groujjs involved directly or indirectly in the struggle. The world muat get 
out of this vicious circle. There are only two xiosaibilities. One is for a \ i<3]oTit 
typo of roi'olution to oocfur uhicli would suddenly change the whole structure of 
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society fco make it fit for rari'I clt5veh>i>nic‘»it of ht irru.*’ *itui <!<■«.Jiomio j.ro^rj f-n 
Tho otker altornativo is dcUljcrately to lnitUl up the* foiiudatit.n of acii nt»; 
oduoation and rosoaruL. to i>romotc the moderuisat jt»n of aorioty in a ^ay, 

and make conditions favouralde for economic development. 

Aid for soiontifio and oconomio development fron> ritlo r the <*t the 

eastern countries, ovon wlion given in a. <»f c?rMnp<»titi^»n, on Id l«e coopera^ 

tive in ofFcct. In. any event, competit.i^m in eon^truftive ta-j.kR <d Imrldinji op 
Boientifio foundations in dcvtdojiing ctmiilricH is !<*#*« «!anyt roi*is *41#*! jj^s Iikelj. to 
far more useful tiian ooinjjetit icm in the iiie*lhoiicd«»jiie.« of fwire.. r-olSiitlNi- 

ration in. promoting education and research in juire «i«'ii‘nce cisn l*r* }«ur>>ric'i| v^itliout 
any threat to national soourity f»r national iritereMtf', and he <»f Ijtdp 

in promoting a rapid ad^ anec of the miderdt*vcioped coiintri*’« aiid in 
better understanding among tho nations of tho %v<«rl(K 'I’li*.* ooKrutric-a 

have a groat opportunity for poacefiU cooiicraticut in Ki% inu aid for ««'icracf‘. 


This pamphlet was first primed as a pamphlet for private circulation. Certain of 

these problems were discussed by me in articles and addresses between l*J 55 and 1 ^ 5 ^ which were 
reprinted in Talks on Planning ( 1961 >, and in other articles such as A Note an Prahle'/n^ of Srivnti- 
fic Personnel { 19 ^ 9 ), Recent Developments In the Organisatlan of Science in imiia <I 95 y»), and a 
lecture at Sofia Uruveraity in December 1961 . Some of the ideas given in this article were prc44cmcd 
by me before a Conference on International Cooperation in Sulrburg-V ienna in July 1962 . 

Professor P. M. S. Blackeot io his presidential address to tho British Associaticin for the 
Advancement of Science in 193 7 and in other ariiclcs in Nature, (3 rebruary, 1962 J May l 962 ctc.) 
has considered various problems from point of view of the advanced countries.. Professor Sievan 
Dedijer made a penetrating analysis in the article in A/«/wre <6 August I 960 ) and In another article 
published recently in Stockholm, TVF^ 33 ^ ( 1962 ). 



KCHOOrv MtTHKlTM.S' AND OirrDDUDN’vS MUSEUMS 

S. T. SA.TYAMURTI 

Superintendent> Government Museum, Madras 

NotJiing i« pcrharj»8 so oxciting for a grosj) oS school children doing their 
daily routine of class worlt as to ho lot loose in fcho ppacioufi galleries of a museum 
on a /Saturday afternoon and to be alloarwl to lirouso aroii*td, rcsvolling in the visual 
feast provided hy tho interesting mnltiplieity of exhibits. I would he hardly 
suri)riRed if these ohildren, on eomi)leting their tour round tho rausoum, are 
torniitod to think, “Isn't it a fine idea to try an<i niak<‘ a small museum of our own 
in our school at least a highly reduced miniature of wliat wo have just seen ?” 
Yes, it is a porfeotly logitimato ambition, and it ia tlie tluty of ovory toachor and 
achofilmaator to help the children, to fuUU that andiition. In recent years tho 
vahie of soliool museums as visual aide in odneatiuu has been increasingly recog¬ 
nized. and it is by no means an exaggeration to say that a small musoum of edu¬ 
cational exhibits should oonstituto a vital part of the oquipnicmt of a school— 
almost as osaontial as a good library or a spaoious sportafield, 

SCHOOL MUSEUMS 

It is gratifying to learn that some sohoois in India have been very successful 
indeed in building up their own museums. But a largo number of sohoois, owing 
to lack of accommodation, finances and other faoilitios, remain altogether without 
this valuable asset. Yet others are blissfully content w'ith what are apologies for 
museums, for all that they can boast of by way of a museum is a rickety, dust- 
laden almirah crammed with a few ill-shapod stuffed birds advanced in tho process 
of losing their feathers, some old unnamed and incompleto skeletons and a jumhle 
of all sorts of zoological odds and ends which require the servioos of an expert 
systematist to classify and identify. But there is no need to desxjair. I may 
emphatically say that it is possible for every school, no matter how mediocre its 
financial means might he, to build its own museum which may prove to be a valu¬ 
able aid in our x>rosont sohome of practical and oraft-oontred ediioaticin. 

The teachers and pupils who sot about organizing a school museiim will 
naturally be faced with numerous problems, and the magnitude of the initial diffi¬ 
culties might tend to stifle tho enthusiasm of tho amateur museum builder. 
“Where am I to procure the requisite materials and specimens from ? How can I 
have them properly preserved, mounted, arranged, labelled and displayed ?” Sueji 
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arc the ciue«tion« that, are likctly to hafJl** him at the Ii« the jsr* .-'i jii 

X have endeavourrcl to give a few priietieai hiittr« that 3i«n> l»r »n.*- helpful 
in organi/iiuy a Ht-hool niuf^ciirn, Init it. atiffiiUl h-r- reaht-«'5 tlsiat a ^r^rtaiiT 
amount of ju’aetical traiiiinj^ in mnat'um nirthfir!?* nl' pret^fr v at ati»l <rU 4|,hi v 

is always neccHBary if tint* i» to nmko a rf‘al t^f thi:^ 4 «.h 

I'acilities for «nch traininj? can alway^a Iwt arranj^ed in 'ti.ith th«- 

authorities of largo publio mUHiJuma which m«.y hn^ o tin* «uid fSio 

resources to afford kucU guichwioo. 

T/je Starting of the Museum 

One of the oasontial iiEe-re«iuisito« £li»r huiUtiug iij* a schnifl iniii»<r'UT!i» if« s.% fpirat 
of unflagging mduntry and ciitliuainHm^ covjplcfl u ith an inflnit** t-apa* ity t«^» 
over minor diiliculLica and obHttt<sU*H. It i« neccj*mir> that »*« th«* "tfifT 

of tlie school, i)rt*rerahly the ecleiice innMtc*r. ah^ttild g<‘t hii'/<^<df n* 

and take tho initiative in the matter. It M€»uld he an plan if hi' roiild 

get together a few induHtrioua and intcri'acd \ nimg j«npih» fi* hnn.. A 

'Museuni Club* ocvulcL lie started, and it viiiiUl he the |»rin»a.ry r*r thi" nn snhej-^ 

oftliis club t<i do all they can to coUttct ntaicwitvl for the <•.« htud intO'cnn) 
ohildreii have tlio collooting instinct strongly dcvfU»ji*‘«l in thcni, an»l thi»* enuhl 
bo oonvcniontly canallsod into usoful and conatructivc cl»aiiii*d»t f<ir fhc cnrn'hiiU’nt 
of tUo school inuscuru collection by jiropcr training ami 

Field Trips and Excursions 

Tho valuo of Hold trli>B, oxcuraioim aii<l oiitdvmr (»nmpa aw aids in cnritditng 
the collootious of tho school museum can hardly he o\'<»rcKtirn«l«ul. Jt i** t.n su*:li 
oooaeloiis that children get an upportuniiy i<ji make a hrKt'harid i^IikIv of nature, 
and the pleasurable adventxire of coilcctiug, together with the kimulcdgo atifl 
oxporiexico gained from such trips are in tliotnsclves aiiix’h’ reward»‘ for tlir trouble 
and oxponse they might have involved. Tho collecting part^- t^houhl pro\ ide 
themselves w itli acleciuato equipment mich os butterfly nets, Khtmd*.. long pairm 
of forceps, iiiwoot killing bottles, corked glaas tulien and r»ther n-t iqitaclea 
and plenty of preservatives such a« 70% alcHihul and 4*^^, fiiriiiuilin 
in well-Btoxjp«r< 2 (l jars A knowlodge of tho probahle Kituututirf^ uht re one 
might exiioot to find the specimens ono is luokitig for will go a l*'*ig way in 
enabling tho young collector to make the incmt of his fieltl anti suua m a ri«"h 

oollootion. HiUa arc iiartioularly suitable) jdaccH for the r«idhu4i«»n rd lar^% 
and brightly ooloured spooics of butteraioH suoh a« the) Hwalltiw tulb lb tdltm 
may bo found under docaying logs of wood and similar damp Tsituationsa, 
Several species of birds such as herons, ogrtsta, ducks and waterlicrm takr* 
abode among trees and bushes in tho vicinity ofpnudH and lakvs^. Such hiealitiOM 
may afford an oxcelloiit ground for bagging » hamlaomo ooUeethni of birch**!, pro¬ 
vided one is oquipjied with a small gun. Marino oolloctlug also has a fas^ciimtiori 
of its own. Tt is a delightful oxpei'ience to wade through ankle or kne^c-dcoji 
water in lagoons around coral roofs at low tide and i>lck. ux> the beautiful, riiultl- 
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onloure.fl fctjkrnH of Naturo‘R rnaiiifolcl troaaurea. aucli as alioll-bcaiing aiiolhiscs, 
HtarfiHlicM, «oa-an€‘'rTionoM, npongf^a, corals, marine crabs and shrimps. 

Bvon a leiNtirely alk along a aanrl3* beaoh, particularly in the vicinity ofback^ 
««fccr«. might yiokl an interc*Rfeing colloction of shollB and other hard animal 
romaina of marine creature,a whioh got waahod up on the beach. While mib on 
such field trips it is adviBahlo that ©very pupil should znamtam an observation 
book in which ho may jot down notes on the living animal, such as its colour in 
life, movements, habits and other poculiaritios of ecological interest. 

Preserving Specimens 

Unfortunately it is not possible for me to cleacribo in detail in this limited 
space the various ruetboda of colloction and preservation of museum .specimens. 
Taxidermy and other museum motliods of j)reservation and mounting arc highly 
tecIinjOal joljs recptiring eonsidcralfic* skill ami i^xpericnoc, ajid, as J mentioned 
earlier in this artiolo, it is nooosaary for tlio teachers tc> maintain contacts ^VIth 
the authoritioH of tho larger X»ublic museums for information, training and 
guidanoe in these methods. The Madras Oovorument Museum has recently pub¬ 
lished a HTandbook of Museum Technique, edited by Ur. A. Aiyappan and Dr. S.T. 
Satyamurti, and the Dritish Museum (Natural History) has issued a number of 
handy guidu booklets for tho benefit of tlioso engaged in collecting and preserving 
museum specimems. Tlieso publioatlons contain a wealth of practical information 
and helpful instructions for colleotion of museum spooimons and builders of small 
TnuHcurnn, and it would bo advisable for ©very school intorosted in building up a 
imiHcnm to yjroeure copies of these handbooks. It shovild bo borne in mind that the 
material gathered througli eollocting trips have not only to be preserved ijroperly, 
but have also to bo idontifiod soiontifioally and oarofulJy JabeUod, giving particulars 
of the name of tho its locality and date of colleotion, foi* a specimen without 

a label loses much of its soientifio value. This may bo done by referring to, and 
comparing with, tho specimens stored in tho larger colloctiona contained in the 
publie mvisoums of the city. A modem museum maintains a study collection, ai)art 
from tlie exhibits in the public gallories, particularly for the tise of students and 
teachers who require help in identification. The authorities of such large public 
museums will only b© too glad to ofFor all the assistance they can in naming and 
suitably setting up tho ooilootocl material for use in tho school museums. 

Planned Organ/sation 

It is not unusual for a school museum to rapidly dwindle down into a more 
meaningless miscellany of unrelated objects and ouriosities after tho initial 
impetus of the organiser has subsidod a little. Such a state of ajfairs has to b© 
carefully guarded, against. It is absolutely nocossary for the museum builder to 
have in view from the very beginning a clear and well definod plan as to what 
kind of exhibits h© should collect and prepare, and he should be able to arrange 
them in a definite order so that the whole colloction may toll a harmonious and 
connected story, correlated to the lessons taught in the school. The material 
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Aunaoi:* 


oxhibitocl ixn, th.o Bahool would yia-turally jirove- us * in\ if * .u # v,*.. 

solootod and aarrangcci aa to havo a d5r<*ot bottring on tbo layllalnj t.f tbf <nt hnin 
Btibjocts taxigTit in the «ehool. 3P*or instance, few ^ aidt* <'ou14 ni««r« f 41V <- 

tivo in a loBSon on the feeding hahitB of liirda than a ri» ». »d h-r’isk** 

and foot of various Indian hirda which can hcautifuHv' iUu^4rs8t4t thi- » 
between atr^Iotu^o and habit. Similarly, a worioa of itrf‘p«ration« »»f 
slmlls inay graijhioally illustrate how the cat's teeth are adajiU-d ftir ah'«lt. 

while the rabbit's are more fitted, for nibbling gratis. An <’nJ».r> 2 «'d tnn^ihd <»f ih*- 
head of a ijoiaonoue snake will certainly bolp in irnprciHiwiiig tlaf loipd#* «nd t rusble 
them to understand the mechanism of the i>oiHort apjiaratus^ in “^riah**» far int^rc 
effectively than a jilain diagram. 

A small collection of local birds and email maminals, anti fiwhff* 

butterflies, beetles, graHsliopx’^'^^* Hj[»id«r», aiiaila and other ln^vt'r animala 
from fields and gardens in the vicinity of the school will f«>r*n *‘Si< cllciit oxisildt’? 
if they aro suitably proHcrvcd, rnemnted and displayed, anrl will the 

children a oonorotc idea of the common typea of animids rcpr<f*Hcntt'«l in thrdt* local 
fauna. It is exliibits such as tliosc that the organiser of n «eltoad iinit«* am s-houhl 
aim at proparing, for ovontivally they woubl turn out to be of jirn>n<’r»»a' prtudical 
use as illustrative niatorial for tha teachers while taking their !cw‘*on»» ibMi«»raU> . 
a small vivarhim a,nd an aquarium lu which living t«'rr<*alrinl and a»piHiie animal^; 
are kept and reared will lie found to V>o imefnl adjuncta to Mie f<<i liord iniiiii»»>mu 
they afford an cxcellont opportunity for the ciiildrtm tr» untch t Sour en ^nlr, 
breathing and fooding habits, and life hiatories. before they arc killcfl and preser* 
ved for the museum. 

I have so far rcstji’ictcd my roninrks mainly t<* 7rCKJfK»gi«'nl f»*»it<’’r»al but 
they are equally applicable to other school subjccta such txn botanv' , biMtt*ry and 
geography’-. Plants, oconomio j)roduots, minorala, coitia or plasti'ir i»f <oin.« 

and other objects and uiiriosities of educational value may alMr» Ik' j^iinilarlv 
colleotod and sot up for tho school muacum. Ai>art from trying t*!i ctdlcct by 
their own efforts, tho toaohers and pupils may also try various* «»tb<^r 
Xiargo public museums, indiistrial concerns and other fJovernment Ih'parl 
such as the Poroet, ITisheries, Votorinary, Agricultural a.»>d Public Health 
ments might bo able to raako small gifts of «jutcim<*n« to srhcwil The 

Fialiorios Biological Supply Stations will ho able to ac.ciir<* sfjiccimcuw i»f m^irinc 
animals at a nominal cost. Xlxhibits sncli aw redief motlcla of Ui«.* veiri«:*u»i *1 *«l rb 
a partly sectioned model of tho globes showing the crust of llu’ earth nnd 
specimens of tho common minerals and ores reproKentttcl in emr country »uay prcivt* 
to be of immense value in illustrating lessons in OoograpUy. Similivrly. a 
of Indian coins or their metal oaato or plaster ctAsts arranged and labidlcd chrc»mi~ 
logically will form an exhibit of oonsiderable historical value, hedping the 
children towards a better understanding of the various important d 3 ='nastio«, A 
representative sot of such electroplated metal oOrSts of tlics coins of India arc 
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1*01" Bo-lc a-t i/lio ^{Taclfas iVInsGuin for tlio benefit of soliools. A. good 
collection of our local ;[)lant<a and economic products derived, from tliem may lielp to 
impresa on the i>upila our groat inclebfcodncaa to the plant kingdom and also 
enable them to got clear and correct ideas about the struoturo and oharaoteria- 
t-ica of many of our common plants, with which most children, specially residents 
of the cities, are so unfamiliar. 

The Museum Room 

"When a fairly decent and representative collection of material has been 
gatliered together for the school nmseum, a good, well-lit and well ventilated, 
preferably rectangular room in the school buildixigs should be selected for 
accommodating the muBcum. It would bo necessary to exhibit the specimens, 
models, etc., in. suitable show cases with largo, uninteiTupted glass fronts, 
arranged along the walla, to onauro proper production of the exhibits and at the 
same time allov' a good view of the exhibita. While planning the show cases, 
uniformity in stylo and suitability to the nature of the material to bo exhibited 
should bo tho guiding principles in their construction. Good labols are ossontial 
for museum oxhibits. Printed labols bound with glass and i>as8e-partout are ideal, 
but neat, handwritten India ink labols are also good enough if xirintcd ones are 
not available, Tj'pod labels are liable to rai>id fading. Once the nucleus of a 
Bohoul museum has boon laid, it can bo oxi)eotod to develop and expand rapidly 
into a veritable storohouso of ijraotical knowledge, provided the teachers and 
l)Ui)ilB actively co-operate in contributing all their skill, ability and ingenuity 
towards its enrichinont. 

dhtldren*s Museums 

One of the recent dovolopinonts iii tho S2>hero of museum activity, 
osi^ooially in ^\■esto^n countries, is the orgam-^ation of special museums and 
galleries, catering exclusively to the needs of children. In the United States of 
America, for instance, such Children’s Museums have become increasingly popular 
in roc€jnt years, and a large number of them have sprung U2> all over the country. 
They servo as lively centres of educational activity for children of all age groups, 
apart from being show places for housing selected exhibits specially for 

children. Opportunities for liandling tho autiial objects and for creative activities 
such as painting, modol-riiaking and otlior hobbies aro provided, and tho whole 
jianorama of life is made more real to tho children through such displays, film 
shows, lantern locfcures, domonatrations, dramatic porformancos and other activi¬ 
ties. The average American school boy or girl is also fortunate in being benefited 
by the extensive educational services organiz-od by tho larger public museums in 
the cities. Those services include circulating oolleotioiis of various illustrative 
material such as lantern slides, educational motion picture reels, and specially 
prepared portable exhibits for class use. School Museums in the West have 
therefore had far greater opportuiiitios for developing on modern lines than, those 
in our country. 
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Dressed dolls illustrating Yugoslav tratlUlonal cosiumea, c-vhibiicd ir» ihc Oiildrcn”* 
ClaUery of tbc Mudraa ^.lovernmen? Muacvim 


Chiiciren's Gcittury \n the Madras Museum 

In IndiG', tiriCortunatoly^ apart from um* e»r t>v<» tht^rn 

is hardly any museum service oaterlnpj exclusively to th<* nctulK of fliildrcn* miil 
very little progress lias ‘boon made in tliia dircoliori ao far. PubH** mnwcuu*'** arc 
few and far between, and are too underntaffed tr«» noider any appreriabh* help t<t 
the hundreds and thousands of schools all over the country ► Onr #*rHru»l« tlirrcforc 
have to depend more or loss entirely on their oan cfTortw in developing their 
mtiseums. However, it is gratifying to rccoril that the Madras Musu^um, which 
has already to its credit an, cnviahlo record of educational Korvicos. has« takrMi the 
lead in this novel sphere of itiusoum activity also, and has CHt-nhliahed a. very 
attraotivo and instruobivo Ohi\rlron*» Gallery in the rccont pant. It vontaims many 
useful and eduoativo oxhibits inoluding dioramas t»f rcxliicecl scale models of 
extinct animals, enlarged mfidols iiluBtrating the irit«*rnal wtrucfcuro t*t the earth 
■worm, frog, pigeon, and rabbit, a working model iUviwtrating thn circulathm of 
blood in the hnman body, moclela of the Human digestivo and rewpiralor^’ aywterua. 
and enlarged, disscotnble and dcmonstrablo inodolw of the huniau ttmiii, licmrt, t*yt\ 
ear and other sense organs. Those exhibits help to make isoTno of tlio haisio 
In animal and human biology vivid to the children. DrOMaed d<dl» ahawing 
traditional costumes of various Staton of India and oven of «umo other «jountrio« 
form an additional attraction to the ohildron in this gallery. A Hcienco Waction, 
equipped with working models, is an indiHponsablo part of a modern Children'^ 
Gallery, but only a beginning has been, made in this direction in the Madras 
Museum. With a view to fulfilling this need, a number of aoientiftc exhibits have 
been acquired, to start with. Theee include a serlen of apecimena and photographs 
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A, doll illustraCins a characteristic pose in Bharata _Natyam in the exhibit entitled 
•^‘Danccs of India'* in the Childi-en’s Gallery of the Madras Government Museum 

illustratyin^ tUo story of glstsH in. its va^rious forms, tlio Junior Planetarium, 

capal^lo of projootiug a realistic imago of ttio starry skios in a clarkoned. room, a 
working moclol of an, internal combustion engine, two globes worked by electricity, 
one illuminated, by an internal bulb, and th.e othor, a rotating one, witb a model 
of a man-made satolUto revolving round, tlio globe, the relative sx^Cieds of the 
motions of tho earth and the satellite being accurately depicted in this -working 
model which, tho visitor himself can operate. Towards the end of the gallery, the 
story of the development of human transport is graphically unfolded in a series 
of aoourato scale models mounted against suggestive case backgrounds. Tho 
niodols include those of ancient as -well as modern forms of transport and servo 
to x>rosent a composite picture of the evolution of human transport in a compara¬ 
tive way. It is observed that the Gallery is continuing to grow in its popularity 
especially with children, and it has not only proved to bo a recreative centre but 
also a powerful instrument of visual education to the children, But it Should be 
remembered that tho present Children’s Gallery in tho Madras Museum is only a 
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BnUrged Model of a Dissected Frog Exhibited in the Children's tiaUcry «( the 
Madras Oovcrnmcni Musoiitn 

nucleus, and it will bo expanded and more oompkiloly n):^{ariii!.fii in the next few 
years when a sjiooial building is expected to bo coiistrueted for it. 

Tbo purpose of the Childron's MuHOnma and (lliildreii’a iJalterii'K i« to iill 
up effioiently the. lacunae in tlio faoilitiea provided liy aelioola, lilirarie* and I«lay- 
grounds for the liarmonious development of the cliild’s poraoriality. Tlieir aetivitiea 
should not overlap those of other organizations, but should rather oim at aupplo- 
menting them. Children’s Museums are an entirely new approach to tlu* probleroa 
of child education. The value of the Children’s Museum lios in its flexlldlity, and 
it is just this factor that makes it unique among educational organizHtiona. It is 
■well known that modern trends in education tend to afcimulato a greater desire 
on the part of the child to know his world and to explore hinmelf, and it in the 
Children’s Museum that is most admirably iltted to provide Idm with his labora¬ 
tory and the nooossasy tools for achieving this end. 



' I-X>S.SJT..S AND I’HE ANCIENT HISTOKY OF THE HORSE 

H. S. VISHNOI 

Zoology Department, University of Delhi. 

evolution iB one of fclie most fascinating sul>jeots in biological studies. 
Among llic various ovidoncoa sought in favour of organic evolution, the most 
imiiortnnt ono ia availahh) in tho form of fossils. The fossils are the remaina or 
indioiiiiona of life which ouco existed hut now extinct. Those fossils arc the hard 
purtw of tlio animals or plants tliat have hoon petrified or transfonned into stony 
nmtorial, and wliifh hnvo boon preserved in tho rocks or strata of tho earth. Some- 
tuuoa, tlio fossils may only he in the form of moulds in tho rooks, i.o. tho imprints 
left iiy tlie orgaulsTua. Tlio science of fossils is called palaeontology. ITrom the 
detailed study of fossils it may bo xiossihlo to reconstruct the full liody-outlino of 
a particular animal that is now extinct. 

Fossils have immensely helped the biologists in establishing links in the 
evolutionary history of several animal groups. 

Archaeopteryx, an extinct bird, ivhich had many striking similarities with 
reptiles aupiiorts tho derivation of birds as a group from reptiles. It may also 
be possible to discover the sequence oven in tho evolution of a single spooies. 
Koine success in this direction has been achieved in tracing tho ancestry of Homo 
sapiens, the modern human spooies. But the most ooinplote and oonvinoing evolu¬ 
tionary history that has so far been revealed by palaeontology is that of tho modern 
horse. Tho moat cogent reason for this is tliat the fossil record of horses is very 
complete and very well understood. 

The entire sequence of horse’s progressive evolution is traceable from North 
America. Tho first horse belonged to Eocene period about 45 million years ago. 
This horse is named Hyracotherium (also called Eohippus', Gr. eos, dawn, hippos, 
horse). It was a pcototyiio of all horses. This was a short animal about the size 
of a small dog, hut its limbs wore well-built for running. Its back was curved and 
the tail shortened. Among many other primitive features in its skeleton, this 
ancestor of tho horse liad tho most spectacular oharaoteristic in its limbs. Tho 
feet were elongated, with the wrist and ankle well raised above the ground. Tho 
weight of the body rested only on tho tips of the toes each of which terminated 
in a small hoof. There were four toes in the front foot and three toes in the hind 
foot. The chief peculiarities in teeth were : small size of incisors, presence of 
canine, and simple and small preraolars 
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Eohippus Mesohippus Morychlppus Piiohipjiu*? I 

The evolution of hora«. Upper row, ceaioraliona of the body ; lower rt*w. b>ooc<k of 

hind and fore feel- 


From tUo aiicoBfcraL form likn Hyracotherium^ oommniu'f*! in oiu* ilirortion the* 
evolution of inoclorn horao which i« oliiofly characteriacrJ i»y incTouKril lonjc 

legs and foot, porsiatorioo of a single inidcllo toe, uhorUming and HtiiTening t»f t)in 
back, widoning of incisor booth, loss of oarninoa, inoLarly^fcion of premolare, 
in the height of the crown of tooth, and incroftHO in nize and cit>iTH»U»xit,v i*r ihe brain. 

A sorioB of foasil rooorda arc available today whinlt iuclirate a gra^lual 
tioix from the anooatral foru\ of horao to ita i>reaeixt form by jiruKrt^Heivt' netjvii* 
sition. of iho above olinractera of modern h<>r«e. Tltmuj^h a few other »tag:e«, earno 
JMesohippus in Oligooono about 30 miUiona yoara iM'fore. *X*hlH horse was about 
tixe size of a sheep. It was well adapted for «peetl. tt Jiad only throi* functional 
toes in both hand and foot; tho middle too, Kowover, wa» tlio Inrgeist and the* lateral 
ones weaker which bore less of the aniraal’a weight. Tlie promular teutU of thin 
horse had largely become molar-Uko. Those horses Imd an ©JctenHivo d£MjK*rwal and 
some ovon migrated bo the Asian oontinonb presutnaldy through tho laud bridgo 
at the Boring Straft, 

Merychippus, which actually is tho aovonfch stago in the direct »>f hor^e^ 

©volution was about tho size of a small pony. It was uomman in Mit»eune, about 
15 million years back. Jn this horse, both foot retained three toeia although the 
side toes were now reduced so much that they remained above tl»o ground without 
supporting tho body. Vestiges of this kind of non-functional toes can today be 
found ©von in cows and buffaloes as smaU nodules above and UoUind tho hoofs; 
in these animals, however, the evolution has occurred along a different lino. 

Pliohippus was, in a way, quite close to the modern horse. It existed in 
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Pliocene, about 6 million years back. This had clearly become a single-toed 
horse. The side toe.s were reduced to thin splint bones hidden beneath the skin 
of the upper portion of the foot. This condition continues even in the modern 
horse. 

Equus, tho modern horse, is the tenth and final stage which iii’st ajipcarcd in 
Upper Pliocene about 2 million years ago. In this, the well-developed splints of 
the second and fourth digits still persist and are situated only at the upper end 
of the cannon bone which itself is the elongated middle metacarpal in the front 
foot and the middle metatarsal in the hind foot This horse has survived into 
modern times m the form of a number of species like the asses, zebras and horses. 

In this way a series of fossils of ancient horses help us building up a sequence 
in the evolutionary history of modern horses. There is always an attempt by the 
palaeontologists to discover as many of the fossils of a form as possible and to inter¬ 
pret their position in the evolutionary tree of life. What might seem strange and 
unbelievable is sometimes beautifully and reali.9tica]ly illustrated by the fossils. 
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Itv tills acticli! I wish tfi tull you (HiiiiotUitiK alKiiil tijf sarimi* iif Kiumali wliii’li 
go by tho papular Uttinu of inaimtutlH nr nro iooliulftl luult'r the oi-K'iilitu* imnii* 
Mammalia. V'ou niiiat bo alrcaily knowing what a tnaniiitft Ipl. iiiaotiiiool 
is. A mamma is tho luilk-HOcroting organ of the* fomaU' iti mamtimls. it h«-i a f«ir 
or nipple to onablo tho ynung one to aucklo or fotul by mukiitK tho rnilk ol tho 
-mothor. tn tho iiialoB tho teats aro prosont. hut tho uiaititiiivry Rlatitl* «iti tmt 
develop. 

Marainals constitute tlie higheat Rri>ui> uf aniumlo and man »* tlio iiuint 
highly developed mammal and thoroforo the inuat highly doiolnpod aiiinud. 

Another charaoteristio feature of tho inaiuinals ih tho jm^tacaHimi of hair. 
Indeed hair are to niammalB what feathora arc Ui hirda. Ihith Jiair and fonthera 
arc epidermal outgrowths, i. o. both develop from the miterini)«t layer nf tin* Hkin 
(epidermis) although both are nourialied by a vascular (ndjeclivu of veowol) (inpilia 
of dormis (layer of tho akin below tho epidermis). Tho papilla wnlaiii* lihHtd 
vessels, and the dermis contains both blood voaaela and nerves. lieeausc of the 
oxisteiioo of nerves in the dormlB (-which also furm nerve papillae indow the epider¬ 
mis) -wfo fool pain when out hair is pulled. 

There are a few mammals -which, on a casual aturly, stmm lu lie dovuiil nf 
hair, but a closer aorutiny shows that they aro present Imt arts very scarce. A 
most outstanding example of a mammal which iias lost its liair in the whale wiiveh 
you must know is an aquatic (marine) mammal and not a fish. In the whale hairs 
have been lost except for a few bristles on tho face. 

Another feature of tho mammals is that they aro warm-hlotHled like birds, 
maintaining like tho birds, a constant temjioraturo (Iiomoiothcrmmia) in contrast 
with the Itoptiles (lizards, snakes, tortoises, alligators oto.). Anipliiliia (frtigw, 
toads, salamanders etc.) and Hishos whoso body tompcrafciiro tetuis to \ ary in 
relation to external temperature (poikilothormous or the so-called 'ctihl-liloodtar 
animals). 

Again, all mammals except Monotromes or Prototherla ore viviiiaroua. That 
is, the young are born after a sKortor or-longer period of sojourn in tho womb of 
. the mother (period of gestation). During gestation a thick vascular oushion 
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ca.llecl the pldcetna^ wliicli. ih partly footal and partly xiterine (i e. from uterus or 
wt>mh of tlie nxotlier), is former!. Tlirough. t-lio placenta tlxe blood, vosaels of the 
iiiotlier comiutmicato with the blood, ■vessels of the foetus. Thus the foetus is 
iiourislierl by Iho mother, and through tlic same agency tlie mother removes the 
ox<*rotory juroducts of the foetus. A. gi‘oat !>ur(len. is tlirovvii, thoreforo, on the 
mother cliiring the period of pregnancy. No wonder that tins long period of pre¬ 
gnancy has given rise to tlio maternal affection for the young, which is one of the 
most jiDwerful factors to wJiif»li mammals oivo their pHoiiomoixtil success and 
supremacy. 

We shall talk, about the Moiiotremoa in some future article Nero, it ■will 
.suffice to mention that this group comprises only two living genera, vix. Tachyglos- 
sus ilj^chiclea) or the Sxiiny Ant-eater and Ornithorhyrichus or tho I>uck-billod 
l.’latyi)us, both inhaliitants of tho Australian Itogioii. The IVEonotremes are often 
called ‘living fossils*, as some of thoir characters aro rojitilian and some inamma- 
liaii. They, therefore, show ua the way which some fossil reptiles, ancestral to 
tho inaminala, travelled to ho modified into full-fledged mainmala. 

Again, all mammals xiossoas a muscular partition, the diaphragm, cutting off 
tho ploural and cavities (containing the lungs and tho heart rospooti- 

voly) from tho main, abdominal cavity containing tho stomach, intestino, liver, 
eXJlooii, kidnoys, tostos or tho ovaries etc. In deep breathing the diaph¬ 

ragm is made to move ux> and down, thereby exercising tho intestino, in addition 
to cleaning tho lungs and through them the blood with a plentiful supply of 
oxygon. 

Tn all vortobratos above tho fishes, i.e. in amxshibia, reptiles, birds, and 
mammals, thoro is a middle car -which is surrounded on the outside by the 
tympanic membrane (or tho drum of tho ear) and on the insido by the box con¬ 
taining the internal car, tho essential organ of hearing. Tlie cavity of the middle 
ear is not completely closed off; if it were, tho drum of the ear would burst on 
aocoimt of the atmospheric proaeure. On the contrary, it communicates with the 
mouth-oavity by means of a narrow canal called tho JSuatachian tube. This equal¬ 
izes tho pressure in the middle ear with tho atmospliorio pressure. 

Now in Ampjhibia, Iteptilcs, and .Birds there stretches across the cavity of the 
middle oar a thin rod of bone oallod tho columella whose inner end. Jits into a hole 
{fenestra oval is) in tho wall of tho box of tho inner ear, and whose outer end rests 
on the inner surface of tho tympanic moinbrano. This membrane is made to vibrato 
by the sound waves, and the vibrations travel to tho internal ear via tho columella, 
the wall of the box of the internal ear, the perilymph ( a fluid surrounding tho inter¬ 
nal ear), the thin wall of the internal ear (also called the membranous labyrinth), 
and finally tho endolymph, a fluid filling up the cavity in tho labyrinth. Finally the 
vibrations reach tho special cells with long sensory hair which are essential organs 
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oonoerned in hearing. Thewe rt«-n«ory celln are pri*fitHel> Viith flu; nhre-j 

of the auditory nerve; hence th»* vil»ratirm« reach t lu- hrain. 

On tJio contrary, m the mammalia there arc three pieces td‘ hr»iic^'« 
osaicles) foriiiiiig a (‘liaiii ueroHH the cavity »»f the nii^hlh’ car «»f iinly *mc 

(tlie columella) of the AmpJiihia, and liinlw. *l'lic.*f ar«- (1) Ihw 

outermost malleus, (2) the michlle ittcus, an<l (3) tlu" innernuif^t sfapt’^s. ’^rjic 
is lioiiHilogoua wHli the coUimMla, Vkhilc the inalhuin. and the inciiw pi^fubahly reprt*" 
sent respectively thc^ ardculare (tu heme of the lower jaw; anil the tjuadrate in. ^lon€* 
f)f the skull) wliicli have Hhiftetl into the eii\ if.y *»f th** trudrllK* ««rtr anil tak«‘Ti «iii iti 
jievv function altcjgidher. 

The lower jaw oouHiatB in luaitiinala, of h aingh* lunic. the tfentury, while in 
the low’or vertebrates therc^ arc many luntoH in the Uiwf<r jaw. 

In most vortobratos tli« v'ertehral ciflumri the *i»ine <’oin«sists of fi{ccc‘/i of 
Ijone called vertebrae^ lying one behind the other. A typical vericbra fir»nHijift« rd a 
thick, stuinijy lower part, the cenlrtmt, and two neurnl arehen wltirh a.bo\ 

onolosing a section of the neural canal which lodges th<* apinnl rr»rd. Now a eharae- 
toristio feature of tlio mammals is that each eciilrum i'r>nstats in the yotiiiy; state* 
of throe picooa,—a iniddlo part which jh thieUosl and is tlu» centrum proper, ntid 
two thin disos of hone, the epiphyses, an anterif»r and a ju»**tem»r, whiel* fune with 
the main piece during growth. 

Again, in luauiiualH the skull prcHonta a stiigU* v«u.'uify, i <* u single lateral 
temporal fossa, exactly as in some exlini't reptiles which show Lh«> \ arlrnis- stagcH 
through which the mammals ovolvorl from the farHesl n'lilileH. 

The skull has towards its hind end two occipital condyles {thickenings) which 
fit into tw'o conoavitiQB at the front end of the atlast ev the first vertebra. 

The teeth are lodged in sockets, and they are inoclifii3d into incisors, canines, 
prerrtolarsj and molars. Again, thoro aro tw'o sots of toetli, milk and permanent, 

T'inally the heart is four-chambered like birds, with a single aortic arch (the 
main, systemic trunk) which, however, xb th© left one and nob the right one as* in 
birds. Again, in the mammals thoro is no renal portal system, i.e. there ia no vein 
from the tail region which breaks up into capillaries in the tissues of thr* kidney 
to emerge as the renal veins. 


The red blood-corpuscles of mammals are oharaoteristicaUy non-nucleated. 



LEARNING BIEFIOULTIES IN BOYLE’S LAW 
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Boyle’s Law is the lelationsliip between the pressure and. the volume of a 
perfect and. dry gas. A. perfect gas is one which cannot be liquified, at a certain 
temperature hy simply coniiircBBing it. Tt is one which obeys Boyle’s Law and 
Oharlc a Ijaw. All sulislancoa winch are in a gaseous form are not perfect gases. 
All of them da not obey Boyle’s or Oharle’a Law'. Oxygen is an example of a fairly 
perfect gas but earbon-tli«oxido is not TTydrogen is as close an example of a per¬ 
fect gass could lie. 

Xlie iiroduot of prewHUTe and \’tvlum<' of a gaa at a fixed temperature 

remains constant. 

P X V in constant- (il<»yle’H Law). 

In. the class room while tcaeliing this relationship, a student encounters a 
largo Jiumbor of clifiSculfcics with respect to its fnnctioD)a] understanding. 

They can Vie emimeratod as holow : 

(a) The jireasurc of tlie atmosphere. 

(b) The measurements of pressure in terms of the lieiglit of mercury oohimn 
and the absolute pressure. 

(o) The kinetic theory ofgaeos. 

(d) The inverse proportionality of the prcHsure and volume 

(e) The oalculations involved in finding P, V, and P x V, 

(f) The drawing and interpretation of graph showing tlic rclationwhiji 
between pressure and voliitno. 

Tn this paper an attempt is made to analyse the learning difftoulties of the 
topic taking into aooount the above stated facts. 

Definition 

Learning is present whenever there is any relatively permanent oliange iii 
the behaviour of an organism, as a result of its reaction to environmental 
influences. Through the action of the environment upon us, primitive tenclencies 
become modified and now tondencios are produced 
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®'or tlio QoBtalt T’syohnlofsist. learni«K «» chit-fly a matter <if t». hfo 

relationa. He has to hci', m ithin tint- ecinioict iinttern. t.r.th the prohlern tu hn 
solved and tho means of acjlvinK tim jn-Dhh-m. To him h-arninji c rmaiat-* t*f aotjui- 
ring ‘means-goal’ GoKlalta. or pattern. Onco flit! pattern in foriiierl. learniii*! ecaar-s 
to a problem. 

Learning clifliculties are nil tboiso Mhich offer renintaneo to the ehanjtse in the 
organism’s behaviour. They offer rosiwlatit^ to proper a««iinilatioti t»f new and 

ideas. They may involve tlie acquiBHi<*n of wkillH—x'eatliitii; erjniiuitatituii l^atHeririg 
facts relating to some material or plicnonmna, coinprelienHion of eoiieei»tM, and 
ideas, and formation of functional vocabulary. The 7ie\v learning ft»rnm a sv^wr- 
struoture of the old whicli foriiis the api»erccx>tivc inasH for the now . Th<» now 
should 1)0 so linked -with tlic old aa to heeornc an extension t)f flu* t>Id. I'^or the 
proper intorprotatioii of tlio varlial atatonicnta it i« neevMaary tir> relat** then\ to 
the first hand concrete oxjjcrienoo with the* real material or phonoTuenon. Thia its 
an important learning difilcnlty. 

Background 

(i) The elasa should know the meaning of directly xiTupurtional and 
inversely proxiortional. Tlii« would he develojied aw below : — 

(a) If wo travel at a constant Hjiecd, the distaiino travelUxl wuuUl be elireetly 
proportional to tlio time taUon. Tho inoro the tiuio of travol, the moru ucnild 
be the distanoo travollod. 

(b) Wlion. -WG read boforo a lamx>, the nearer we are hefaro th« lairix* the 
better we soq. The clarity for reading would then bo invernrdy x»rt»pt)rtional lt» the 
distance In this case it varies inversely as tho squHre of the dist-ance. 

(o) Exxjorimonts have shown that tho tinio of vibration tjf a x>enrlii]uni i« 
dirootly proportional to tlio square root of its lengtli and also inversely x**'n- 
portional to the acceleration duo to gravity i.c. Tct-v'I/g where I is tho tengtli 
of tho pendulum and g is the aoceloratiou duo to gravity. 

To equate this I'clationship it has boon fouiul that h^ introducing n. oumHiant 
2'»r this rolationshix) holds true. This 27r is called Um constant. 

fn that case the relationship in tho form of ocpiatiori u oultl be ; 

T-*=27rVf7^ 

So wo find that a i)rox)orbionality can bo ohangod to equality by introducing 
a. constant. 


(2) Gas is a matter. Matter is made ' up of molecules. Moleoules are sc. 
small that iu 1 oubie centimeter of a gas there are no less then 26 x 10’» moleculos. 
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The siiaeo l)etweeii tho molecules is much larger than the moloulee them selves. 
The iriolccvilcis fly ahoub in all dirocfcione -with great velocity. The hlo-\vs which, 
the iniiiiniorahlo molectilea of a gas strike against the feurrouiicling walls causes the 
proj^eure. When a ga« is oomprosBed to half the volume, the prossuro is doubled 
hcjcsause, clc^uhling the flcnsity, clouhloB the numhor of blows struck per second 
against the Vialle. 

(3) I^rcHaviro of air is ineaeured in terms of the height of the mercury 
c“olumn. 

(4) h'orce is a push ox pull and is measured in dynes or newtons. It is 
<‘alcu1a-ted with the formula J 

!F=A h Ti) w liote IT is force, A js area, h is do]>th and D is density. 

(5) A mercury haromoter ineaHurcH the pressure of the atmosidiero. 

(d) Pressure is force unit area and is oxiirossccl as — 

j>«asjiiYA where P is jiroeflure, P is force and A is area 

P*««s-1T Dwhoro III is the dcjith of the Utpiid column and D is its density. 

VroHsurc of a column of liquid is equal to tlio weight of the column on the 
area of the cross section of the tuho containing the liquid.. The weight of the 
liquid oolumn is proportional to its height and its density, which is fixed for the 
particular liquid. Uonoo the pressure is roi>rosontcd in terms of the height of the 
liquid column. 

(7) The volume of the gas or the air column is x^roportioiial to the radius 
of the tuho and the height of the column and is represented by •. 

V= TT r* h, where V is the volume, r is the I'acliiis, and )i ik tlic* h(*iglit of tlie 
cylindrical tube. 

V— A li where A is the area of the oross-acction 

(8) What hapiions when 4 cubic inohoa of air at atmoBX^l^tjric x>rossurc arc in 

a bicycle area 1 ficj. inch, and it is compressed at twice the atmosiilionc 

X>rosBure ? Wliat W’ould haiix^on to the volume of air ? Wliat inouIcI haxiptm if the 
X>rG88uro ie released 'i 

Problem : 

VPhat is the relationship between the pressure and volume of an enclosed gas 
when the temperature is constant ? 



souooxk 




Main Body of the .Lesson : 

(A) A demonatmtion oxporim«nfe m«^y bo w«b nx> aa «h(>wn in thr cii»jgrn.nu 
The plabon is aasumod to be leak proof and fco move freely fn the oyiinder. 



What hap]ionB when the weight is incresROcl 7 
Whot lioppoTis when the w-eight i« rlooreoseti ? 
What happoiia when the weight is remove’ll '? 


(B) Another demonstration may bo sot \ij) with n gauge fixed at the lower 
end of tho cylinder and the weights increased. 



The piston is assumed to be leak proof and to move feoedy in the cylinder. 
I^ressure indicated by tho gauge includes that of tho atmosphere which pushes 
downward- on the piston. 

(a) Notice the original values of pressure CP) Volume (V) and Temperature 
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(Ij) \N Ii<-^h llif t»ri^iuai jjreH.sviro ih cloulilcil, how tloe-s l/lio v ohiino c-liango 2 
Ifow It t^jiiiparo w itli I.J10 oriKiKi^'l voliiino 'i 

(t ) W fun ori^riiuil prt‘.ssui*ci it, mult i^iliffl I>;s t.hi*c‘c*, llo^^ it, tlic v ohiiucs 

< ik>w ' 

(<l) ^^'h^‘)l the* original ^vrc^Bwiiro lu imiltLt»UcMl 1),\' four, hf»w t.lic volume 

j'hixnjxc* jifiv% ? 

(V) fUmui the* iinmhc-r f»f molc'viilvB in till Ibo fruir situations 

ff) ^V'liat jiIkiuI tlic:* uuiulier of luoIccnlcH strihnifr the* surface of the 3>iston “? 

(jr) about tlio speod «»rihe moh-culos strikiiiji: thc' ]jisti»u '{ 

ell) ll<ns uro the )ire««iivc's c-oini)ar<*<T iu all the sit iiaiioiis ^ 

(1) How about the weij^ht i»f the air iu th<‘ iiisiou in all thc four oases 

C<.‘) A cliscu«rti<ui and cUuuoiiMtraiioji of the wtirkiug of a j^auge ho hold. 

(I ) VVliort* does then x^ointcr 011 tho gauge stand ^vhen it is not eonneotod to 
tlie inflated tuho hut exposed only to tlie atiuowi>herii ? 

( 2 ) When it is connooted to tlie inflated tube, what lUios tlie reading of tho 
gauge indurate now ? 

VV'lien blio gauge iw tixed to tho valve of the infi-ated tube, tlio iiisido air 
exerts i>rc‘s 8 ure and the gauge reads it,. On tlio gauge there are two pi*easurcB, ono 
from thc inside of tlie tuho forcing it tmt and tlic other' of tho outsido air whicli 
forces it to gel in. 

■We can exx^reas it in a vector diagram as follows :— 



Air Pressure Tiro pressure Absolute 

presauro. 





SOJZOOl. SeiKKOK 

Keaultaint 

Ain PACssune « PAine 



WVvat do you conoludo from this I 

Abaoluto ijroaauro — Air pro«auro«»C5AU45c i>rt‘«Huri' 

OR. Absolute prosauro--«» Air prossuro-f'C3um|?o proHHuro. 

(D) With the Uolp o£q, fou* riuoatious t)io icioa of fclio .f-- tu1«s lit* 

developed. 

(i) What is there in biio Torricellian Space in a Barniriott'r tulwo ? 

(li) (Xntrodxicing a bubiiio of air in the tulio) What cliajifjit haw now tnUim 
X)laoo in tUo lovel of moroury ? 

Why iias tfio mercury level fallen down 1 
(ill) IIow can you, therefore, onclouo some air in a eloKtul wpare 4 
(iv How can, the air bo dried. l>efore on.clo»ing it ? (liy jHvwMinj^ it 
quick-linio) 

(v) Wby ia it necessary to have dry air ? 

(vi) After enclosin |5 tlie nocoseary amount of dry' air In the eloaed arm of 
tT—tube, and getting the mercury level saiiio in both tho arma ; 

How does tho mercury level comxiurti in hotli the arma of tlie 
J—tube ? 

(vii) What is the prosauro of moroury in tho open arm 4 
(viii) What is tho prosauro of moroury in tho cloaed arm i 

(ix) How can wo measure this pressure of the atmoHiihero *< 

(x) By increasing the moroury column in tlio open arm oftlie tube, what 
change lias taken j>lacc in tUo prosauro of the tmoloHecl air ? 

(xj) What change has taken place in the volume of tho enclosed air 1 
(xii) When pressure increases how does tho volume change ? 

(xiii) When pressure decreases how does tho volumo change ? 

(This be done by taking out some mercury from tho oixsn arm.) 




lkahninq i>ijFjrioxji:iTiBs laiT sovLia’s 
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(xiv) How tubout tUo woijjb-t o£ tbo encloaod air ? 
I.)oa» it ciiaiigo ? 

7* CM. o* MencuRV 



(K) In "fcVio t\\ ti sitviutiona etatccl in CH) above, tlio uninber of molecules, 
fcluiir lUrtHH tiiul their velocities remain unchanged in both the situations. The 
S|iacc occniiirtl liy the molecules in the second situation is half tlio sjjacc occuxncd 
in. tho first, but tho number of moloculos per unit volume has been doubled in the 
second ease. Aecorcllngly the nuinbor of znolooules striking against tlio surface of 
moroury lias cUaiigod. In half the volume, twice as mony molcculoa as before 
would siriko each squaro contimotor of the eurfaoo of mercury in the tube per 
unit titrio. Honoo tJio air would oxert twico tlio force on tho same area as 
originally, Tlioroforo, the the lattor case, when the \olumo is halved, 

would 1)0 double that of the former. 

(IF) IXow can tho value be measured in tho .1—tub© apparatus for domons- 
trating lioyle’s Law t 

Lot Vi bo tlio reading of the top end. of the closed arm of tho tube and V,, 
be the reading of tho mercury column in tho closed arm ; 

What would be the volume of tlie air enclosed ? 

It would bo : 

Vi— 

What would this volume bo equal to in terms of tho radius and the height of 
the air column 1 

It is : 

V «=» TT r® h 

or V = a h (whore a is the area of the cross-section and it is constant) 
or Voc h 

(G) How can the pressure be related in terms of the height of the mercury 
oolunm f 
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millOOt< BCfKMOJIS 


On feho eT •— ax>pO'i*tituK mark t/h*‘ rm*rt‘nf\ <'c»lnTnn that iljir* pr*’-. hh n* 

l>.caa Pi auci 1\. 

How Ib i)ro«Hurc? rei»rc*iionlt *1 i 

Pi - Po -P 

(H) X)o tho two «‘oUiinti« tf»f mt*rt‘ury in the .f *tnlie Vuthiin-'^' earli <*lJier ^ 

Why % 

(P=ali (I j If th« luhoH on hoth the wkleH haA *• tlie wnmi' »1 i«r aial h cm 

either Hide in the f-'riine, and il“=-d, then V P) 

( I ) .Hciw can length of merenfy ec»l«mn re]*re“;eiit ' 

P = hd 

If d is tlie name for huth ^.iflea <*r if we »m\ tlnil il i** <ni, «;int 

Poc U 

(J) What is absoluto preHsure i 

Ahfloliito x'i'OHHiires== Air prcwHuni d-prfMf^nre 

Pal) P 4 - P 

a 

(K) After dealing with tho alit>ve i-tated points the ii,.r 4 ] apparalUH 

as shown in tho diagram bo made uho t»f in llie deinoiiHti'at it*n wlin-ti wiuild l>o 
conducted w ith tlie active ctKiperalion oflhe claHs, A few admit »> heJi* ihtt 

toaolior in lowering or rai«hig luoroury rt'Kcrv t»ir and take tJie rearlingM, The rUiHs 
bo atirrod up with tho quoHtiona about the funeti<*iuiig <if tin* apxntralun. llu* nae 
of calcium clilorido tube, tho graduationa <}n tho burette niel *'i>uding id'tlie «»ealeH. 
and tho precatitiona nocesHary during tho oxt»er)mc*nt. 
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I In* l>i'irt‘ttc* t^.‘nv 2 )erw,t'UVw l>c recorded before and afboi’ a sudden decrease in 
volume of air.. Caro must aU\ayH be taken when changing the reservoir to each 
7ie\v jjositu»ii t»j ullmv j^oviU’al ininti'teH iVn* tlic gas iio come to the I'oom temperature. 
T)h* of dojjig tl)jM i>i that «>n conipro.ssioii the gas gets ^varmeI• and on 

expansion it 

It be eirtpluisiscd here that we are eonoerned witlx the ohango'of iireasuro with 
respiu't to vtdtiiuc <ir \ i<*e \ ersa un<l lienee the need of waiting for some time to 
read llu* diflVront seaU’s till the temperature in tlio burette comes to the room 
temiicrature 

What wouhl be tho absolute of the air inside the burette '2 

It would tie the ftvini total <>l'lhe tttnioax)lioi*ie |>resHui‘c and the gauge prcs.suro. 
When the merfuiry level is higher in tho rc.sorvoir (gauge) than in tho burettoj 

1 > sr.^ P . -Y (]'>ilVt*remm of loveds of mercury~Pi) When the mercury level 
a 11 air 

ia IiigUcr in tho burette tliau in the reservoir, 

— Pa (UilTttrenco of lovols of niorcury=Pa) WJiy 

ThiK huM to be elicited from the students. 

Thus 

I> . 1> . d-1* (Ii)ifforouco of lovols of moxcurjO How would you got tho 

ail ai r 

volume rca<Urig« ^ 

Tho difTorcnce between tho tw'o roadings O and A, would give the volume 
readings. 

Volume ec h 
^'''alu mo*=0 — A 

Tho cliangeB in the volume be maclo and the corro.sx^ondiiig i>reH,suro be noted. 


The 

readings be 

tabulated 

in. the foi'm below. Tho pressure 

of the atmosphere 

be read with tho help of a barometer. Supp 

oae it is 74 cm. 

of mercury. 

O 

A 

B 

B —A 

Pat)“^aix' 

V 

Pxv 





dzB 



90.0 

02.0 

41.2 

—20.6 

63.2 

28 

1489,6 

90,0 

60.0 

r>3.9 

—12.1 

61.0 

24 

1485.6 

90 0 

70.0 

70.6 

,6 

74.0 

20 

1492.6 

80.0 

64.0 

83.1 

19.1 

93.1 

16 

1489.0 

50.0 

38.0 

88.3 

60.2 

124.2 

12 

1490.4 


What conolnsioiia do you draw* from these readings 1 



38 


acuooi< BoiENajs 


Wh-ftt happens to the volume when the preasnro m irvcrraPCMl ? 

What hapijens to tJio xJ^o-^aure vihen the volume im detreaswed ? 

What UapiJena to the iirosBure Avlicm the Noluinc ia iru-ream’d ? 

When the reading of the vohirao in 24 what ia tiu* ? 

When the reading of tho vohxmo la 12 what i« tiu* x>reKrtiirn 

How arc they eoTnx>arod ? 

H'ow about the woiglit of the oncloaed Kaa T Uot*H if ohange » 

(Wfion tho voluiTio ia 12 the* xjraasure i» nearly «it»ul»Ie. t^f the prc^i^j'^itrcs when 
tho volujne la 24, Tlio alight difference may ho due iAt tine t rrorii in readings) 

What can you eay about the relationMljiji lict'i'een the prej^Huri anti the 
volume ? 

You can aay that tlio pronaure varies inveraedy an \nlurue or that thc' x»ri!fliict 
ofiircssuro and voluiuo ia the Hatue. Wts can way that it it« <u>ris»tanf with reapet-t to 
tho air in the Imretie at Llmt particular tcinj^eratum 

P « ^ or PV®=sOonHtant (Hay K. whicli is called u eunHlant of nropir»rtionulit> ) 


You can «oo that tho product of & V in tho last c.nUiTnn i» fuirl.v cont-ttint 
within tho limits of tho exporimciital error. 


ILot Pi and Vj roproaont tho ftrat trial roadinKH, 
And 1*2 and \\ roiirescnt second triaji rcading«. 
What rclationsliii) cxiats between tliom ? 

Wo iiud that : 


P^ Vi =P3 Va 

Divide lioth sides hy Pg, 

Zii'’=3[VL'==v. 

IDivido l.otU aides "by Vj; 
r.Vi 




Vi 


What can j ou say from this 1 

We can eay that tho preasuroa aro invoraoly proportional to tho volunies. 

This is BOYLE’S X.AW. 

(The same experiment; will be repeated, with moist air and, an untruogaa, suoh 
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CIS w'HfctrJC Vfvjif>HE'. fciiTio ifc will Ijo olisotvorl tliat lilio ail:>ove rela.'tionslxip does 

not Hold gontl. IIciioo tlio ompluvais 'bKe IjQ»\v liolcla goo<l only for air 

an^l tri 2 €% gaKOH wliori they aro dry.) 

(Tj) uh Jiow draw a gripli fro>n tUo readings obtained, above, taking 

volnine on the a3£i» of X and proasuro on the axis of Y and note tho shape of the 
graph. 


Is it. a straight ‘Huo graph 1 

Xf it is a curve, what can you. say about its s/iiootlmcss ^ 

V 


140' 

130 - 

(ao- 

no 

(OO 
90 

ao 

70 
60 
no 

40 
30 
30 

<o 

^ 2 4 6 a lO 12 14 I 6 la 20 22 24 26 26 ^ 

The graph is a smooth ourva. 

With its help yon pan say tho relationship between tbe pressure and 
vohimo. You can read what would be tlio volume at a particular pressure or -what 
would bo tho x^rOHsuro for a particular volume. 

(M) Sui>x>oso by applying extreme proeeuro, tho volume of tho gas is very 
much reduced» would tlio ISoylo’s Il»aw still hold good ? 

Woiild the doul)UTig of the that stage make tho volum© still half ? 

The answer to it is that the molecules under very high ijreesur© are forced too 
close ihr.r to make this possible. (iClxperimental aid be taken, to prove these 

facts «-> TTMO l 
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(N) 'For the Uin <»f an*l the mathefiuitu-* of ttu- th 

at\iclonts be gi\ei\ a few prtjbh’iiiH t«» 

Problem 1 ■— 

A truik tii'c Iiohlw, r* fu. ft. of air. Tlie p*e»%-sur<' iw M< xti^ Fm 

tho voUimc of Ui<* air \\ Iicii it is ri'leaneU at I atinoKjtliiTr. 


Soluiion :- 


Wxjin'^ 

Vi = 5 Cu. ft. 
and 


Pa=ir» IhJlTp ntnui'^phen* 

We knoa that 
X\ Vi=-I\ Va 
liy Hul)slitution : 


00X/»- 


or Va 


90 X o 


MO <‘(i. f(. 






Problem 2 ;— 

A truck tire lutldw r> cu ft. c>f air w)ieii the tfa\t|L£<‘ i^. llo ll»/iu'^. What 

voluano af air at I atiuuniihere had to ho into llu* tiro ( 

Solution : — 


pj^=»90+15 = 1 O.- ]li/in? 

Vi=f5 cu. fb. 
p., = l.f> ib/iii® 

V^= ? 

105 XS^ir, X Va 
105X5 

or Va w«——■b> eu. ft. 

'fho folloN>'j3Jg ])ro))loiiiH may he aH«ig;iiiud 

X. WXiafc prt'HHiiTO rnuHt he exerted on I20(t eju® f»f Oxygon fit one 4l.t-nlosJ»lM*r^^ 
prossduro bo rccluco its volume to 6f)0 cm® V 4(»0 oni® ? MOO tni® V 

2. ’SVo measure 500 cm® of a gas inicler a pre«Hui’o of 750 iiini «>f iiiereux\\". 
Whab volunio ivijl tjxis gas oocupy if t-Uo iircisaure is ixicrc«\.F»t‘d to 80U inui of 
mercury | 
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8. All 4iiiitt>moljile -birti holcljs 100 li-br(3M of air when its gauge preasuro is 75 

(a) 'What, vciliiine tif" air at 1 atnic»Hpliore will liav'o to bo piiiui)o<l into tlio 
tire ? (I atinowpliorc“ 1 5 IVi/in*) 

(b) ^Vbat will haiipeii to the tire if it bo taken to tlic top of a mountain 
\s biTci th«* 1 almoHpliero prcHRnro ia 14 

4. All antaiiiobilo tiro is iiUod ivifcli air (15 Ib/iii^ pressure) at atmosplaoric 
preaKiire, until tho pressure gauge roads 35 Ib/iii® pressure. Assuming tliat tlio tire 
clocw not rhangc in size and the tcmiiorature remains constant, what volume of air 
must he farced into the tiro ? 



METHOD OE DEARNINO EST KCri^NOIO 

PAUL VERGUESB 

Prtndpat, Government Training College, Trtchur 

All knowlticlgs and understanding of the inaterialH and apidinru of prarti- 
cal life and of tho phenomena of the world of niattt'r and force irsust lie ultinmttd v 
based on our peraonal experience, cither in pcreclving ev ouls, or the a«-tifmK of 
other people and tlioir cffccta, at more directiy by ouraelven acting on thiiifta and 
noting what happens. Bxpericncc of ono kind or anotiier must Im tlie Kource of 
all meaning and understanding of iihysieal rt'olity, nltliougli tlunight nnd jinagiim. 
tion can tranaform exporicitco into the liighcr and mare- viniversal plane of peneral 
law and theory. 

Tho primary mode of learning, therefore, is to gain experience of tlm 
physical world aronncl ua by ‘acting on it i>i various ways and noting what 
happens’. Tliis is instinctively tho young ehihrs nindc' of lenrniiig. lies nets on 
various things in a variety of ways, eitlier cm hisesan impulse, or in imitation of, 
or under tho direction of otluira, and thus gains an over increasing c‘xpcriifnee of 
the hohaviour of tilings and aubstanoos undc*r various conditiems. It is trues that in 
certain fields ho has little, or no experience, o.g. in the prciiit-rtie.K and action of 
magnets, frictional electricity, ehomieal action, generntiiin of cdec-triidly, Kurfar*e- 
action, etc. He, however, coiuos to school with a fairly e.'ctcnsivc e-xiierieiicn of 
materials, foreo, motion, heat, light, sound, and uses of eleicdrie e.urrcnts. Such 
experience is of necessity inexact, iiideCinite, and auxicrlioial. It has been subjected 
to little analysis and organisation liy thought. It is merely a loose mass of cixiic-ri- 
ence relating to tho'things of ovoy day life, and to its jiraotical iiurposes. It is tho 
aim of science toaohiiig to extend this cxiiorienco, to make it more exact, clear and 
full, to organise it into general laws, and to rotionalise it through explanation and 
theory. To quote XJawoy, ‘Science is experience being rationalised’. 

It is clear, then, that ono important method of learning science must be:— 

The gaining of exact and clear exporiorico in fields in which the 1/oy has 
little experience hy tho primary method of "acting on things and noting exactly 
what happens,” e.g., acting on chemical substances with water, heat, ox acids and 
noting what happens: 

Observing more clearly and accurately what happens in situations in whicli 
they have experience, e.g., friction, pupils have a fairly extensive exiicrionco of 
friction by sliding, sledging and bioyole brakes. There is need, however, for more 
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GXitcriTncxita.'tion to malce clear axirl. exact tlio conditions that determine 
/rift inn» f-ini ilariy "vvitii lovers, action, of forces, etc. Tlio starting ]point in all such 
<'rn<inii*ies must of course lie in the recall and examination of the experience they 
ulready iittvo 

Knowledge, however, can advance far hoyond the plane of pcrcei-ved facts. 
IJy tlio int/dligenoo can x***<^*J^*5 heliind facts to those factors and conditions 

that tiro Iihidoit, oliscurc, and frcfluently xinporceivahle. l^’or examjde, wc can 
directly exT-K-rionco the u^iward force necessary to support a solid body hy the hand 
and to move it xipri arda; liut we cannot perceive the upward force that supports a 

tir tUal. causes a corlc to rise in w'ater, or a balloon in air. Only thought can 
rovctil t}..c*st' ol'seure and hidden causes of ovonts that are familiar to all. J.f the 
teacher is io giiido iiis pujiilB’ thought- in revealing these liidden causes, he must 
kjKivv Iiow such thought prooceda. 

It. i** a iJByohological truth that an unknown situation is interpreted by, 
and in ternis of, tho ItnoNvn on the grounds of some similarity or analogy of the 
unknovMi to the known, Kor cxaTnjilo, aupiiose we are faced with the problem of 
iiucliiig tlio cause of a shiii floating on water, or a cork rising on water, or a balloon 
in air. If wo call to mind tlie cxx>cricnoo that a solid body requires the upward 
fcircci of thf^ hand to suxiport it an<l raise it, wc can infer by analogy that water is 
exorting an ujiviard xircasuro to support a ship, and cause tlio cork to rise, and also, 
that ah* is exerting an upward pressure in supporting and raising a ‘balloon. 

It is l>y Hueli inforencos from analogy that the intclligenco is able to form 
conceptions of those conditions and fox'ces operating in the world of reality that are 
hidden from x'l’fccsijtion, ljut the xinderstanding of which is the key to our gmsii and 
mastery of tlie world of matter and force. 

Stioh inferences are, however, only of the nature of suppositions or 
liyjiotlieaoa. They aro not established truths. Inferences from analogy are not 
logically infalUblo, and must be subjected to tost to see if they will work under 
otlior circumstances and conditions- Hence the test takes the form of arguing : "If 
it is iruo, wJiat would haiJpcn under this, that, or other oircumstanocsl** ^or 
exariixdo : Tf water exerts upw'ard pressure, what should hai>pGn. if an object that 
sinks is w'cighod in air and in water? Or if air prossea uyivvard, what elioulcl happen 
to a column of water, if wo arrange to bring the upward presBuro of the air to hoar 
on its lower surface? 

Such oxijeriments tost and verify or disprove our suppositionB. They tost 
our thought. They form the dramatic crisis to which our creative thought works, 
and they decide and resolve the issue of truo or false. 

The essence of this second stage of soientifi-o method 3si— 

(a) Examination of some situation familiar to the pupils to reveal some 
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Bpeaftc problem. 

(b) iSearcli ill the past experiencii of tlu* pupils to lim! gum® apt Analogy 
that will bear on the problem. 

(c) Examination of the analogjf to make clear the idea exnmplifiiw, and 
the application of this idea to thq problem to form a suggested explanation 

(d) Investing an experimental test that will verify or dis(irove the. 
Biiggested explanation. 

It is the art of toaoliing to stimulate, help and guide the pupils in this; 
process of examination, suggestion, and verification, and nf final expression in eon* 
else notes and diagrams. 

The essential nature of tlio scientilic methotl is Unm (dear. It is f|uite 
true to say that the natural .scicnccH are oliservational and experimental Htiidies. 
They are just essentially studies demanding thought andimagination. (djwvii. 
tion and Experiment provide the basis of Pacts of Bxiicrienee from whicli Thought 
starts; Experience provides tlie analogies by which Tluiught infers ptisKildo explan¬ 
ations; and Testing Experiment gives the facts that verify or disprove our 
imagined suppositions; but it is Thought that leads our undewtanding to the grasp 
of what causes lie behind tlic world of Sensible Experience. 



AUX>10-VISUAL AIDS IN TEACHING SCIENCE 

S. P. MUKHERJEE 

David Hare Training Coliege, Calcutta 

The WHO of a^tidio-viaiial aids in bho beaching of fsoience is re(?.ognisecl every¬ 
where iiow-a-days. In order to make the abstract ideas really meaningful to stu¬ 
dents, the teaching of soionoc should be built around concrete experience as far as 
practicable. Pupils should see and examine ob 3 oots in order to gam clear and 
accurate couc©x>ts of tlie soientUic x>rinciplos. Visual aids arc used to lLelx3 exposi¬ 
tion and give illustration and exorcise for verbal statements. Pictures, diagrams, 
inodcls and siiooimons can be actually brought into the classroom for observation 
and study'- The children thomaelvos may also on the other hand, be taken to 
niuHouins, xiioburo galleries, factories and other x>laooB of scientific interest Avith a 
view to onabliiig them to study t»hjecta in their natural settings. Audio-visual 
aids to teaching science should bo projiorlj' used m order that they may be really 
helpful as a teaching dovico. The teacher must know beforehand what exactly 
tho aid is oxx)CCted to illustrate. The main purpose of the lesson together with 
tho key xioints must bo clotorminod. It will not bo enough if only some aids are 
disxilayed. The educational utilising any teaching aid in science 

should always bo kofjt in view and tho ioaoher must give proper explanation along 
with his demonstration, otherwise, tho aid will remain abstract and servo as a 
more amusomont. Audio-visual aids in science teaching are only moans to an end. 
They cannot illustrate each and every kind of topic. They should suit th© stag© 
of mental development of the pupils. The teacher should take particular caro in 
the selection of visual aids in order that they may bo really educative. A farily 
large xiumbor of audio-visual aids to beaching science are now available for use in 
our schools. The us© of some of these aids will be discussed here in detail. 

SCHOOL MUSEUM 

Wo shall first of all say a few words about the School Musom. Children must 
bo aquaiiited with th© nature of the ouvironmont and interrelationship Avitli man. 
The appreciation and understanding of the surroundings come through observation 
and personal contact. Those cannot bo gained merely by reading about things. 
It, therefore, boodmes important to bring tho outside world into th© classroom and 
laboratory through concrete representation of things. In this respect a school 
museum has a very important role to play, A school museum offers opportunity 
to develop tho natural instinct of children for collecting and hoarding. The mu¬ 
seum should ordinarily bo a collection of ^detures, charts, and diagrams procured 
by the teachers and students from various sourcoa such as journals, newspapers, 
advertisements and books, Th© museum, should also include collection of models, 
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apeolmena, coiiiH* iiiBocts, rooks, biitterflios, irnothn, arui jirc'sssJJtl Vskrioiit. 

prod\iol5S of induatry availablo in tho locality may al«o fitncl a j>lac f? in tho iarJjnnl 
mxiseutn. Kosidea, aome improviaccl apparatus aiul ai»ijHanec‘« may Ikj display «"tl in 
the museum and wlmnovcr rociuircd, demonatratcd in the clnusmaun The tU-mons 
trafcion of axjparatuH proparod by the pupils always enauros krenrr and 

bettor undoratauding. School aoienoo musourns can Im atarU'cl by indiv irlual tou¬ 
chers even though school funds are not readily available f<jr the jturpost?. 
The samples in any acionoo muaeiim, to Uo of educativo value, should ha% e jrmte- 
rials which must bo attractive, Gaaily noen and clearly labelled, )iav in|i? iif-r-i-HH/iry 
information printed on thorn. The collections BhouUl also reflect the* inf^»reat of 
the case of every exhibit, tUo name of the donor, when ami vvhfre it 

waa found and the reason for diHi>la> ing it must bo given- The imptirtnnt thing 
which teachers should roraombor is that they may not convert a Hrie*nrc iinxr»eufn into 
a dull, dead, and dirty collection. The muHcnin exhibits should iuv ariitbly bo »dian 
god from time to time as they become old an<l worn ovit by constant use. The <*%. 
hibits of a science xnuaoum, if prepared in a weH-X)lannc<l manner, utinuilatu the 
pupils who prepare thorn, as well aa those who alao obaerve them, to furtluT niu^ly 


EXCURSIONS 

iilxcuraion to muaeuTUS and other plaeos of atnontiHc intcfrewt may bn made a 
very useful aid to teaching soicuco. hlxcursions are intondcMl for teanhesrs and 
pupils to study objective materials, located in tholr natural setting. Kxcuraiuns 
enable xiupils to examine things and study thoir relationnhlps to make apprripriatu 
associations. Tho students should have an idoa of tho x>urxjc>Ho of any koIiooI j«>ur- 
ney undertaken by tho toaoher whose duty will bo to guide thoir olmorvatiun. 
ISxoursions should ho organised with an oyo to tho regular instructional work in 
the classroom. In order to uao tho exoursion, as an aid to toaohing aoicnoo, tho 
teaoher must be woll-aoquairvtod with the rosourcos of the xilaoo to bo visited, aa 
also tho facilities offered by it for students who w^aut to visit it. Tho visit to a 
muaoum or a factory or any industrial plant is to bo orgaiiisod either at the beg¬ 
inning of a unit of lesson or at tho ond. Tn any oaao, i>upila should botU^r interpret 
what they see and at tho samo time aak more infcoUigonb quostinna as a roanlt of 
such visits. Classes may bo divided into grouiis of 15 or 20 and taken to an indu¬ 
strial plant where they may bo given proper guidance throughout tho visit. Much 
good rosult onaures if it is possiblo to link, tho nvaterlala to bo oba-orvod with «Uva«- 
room, subjects at all aohool lovols. Croat oaro should bo taken to son that a stu¬ 
dent may not be required to learn, more than, what they can comprehend. Higfh 
points of the excursion should be disoussed eithor at appropriate intervals during 
the excursion or as soon afterwards as possiblo. IFacts not thoroughly understood 
should be olarified and -wrong improssions should bo corrected. IPupila should be 
encouraged to ask questions and follow tho disousaions as they obaervo thing. 
They must have the proper mental attitude for study during an excursions. 
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PICTURBS, CHARTS ANTI T>IAORAMS 

X^ictnrea, oVitirta or clio-^raina are dovicca for visnixl rexjreaenfca'fcion of more 
(vlinbreof icleaa cunrl aoiootliics jirincijiloa Tlier© are cei''tairi IjliingB wliiclx pupils can. 
never exjictrioiico in rtisvlifcy a.ncl bUcBo oan. only l)o roprcsentocl l.>y oKarts or picfcaires 
wliick enable pupils to oxainino ovon complioateti rolationaliips. A single glance 
at a picture or clmrt oii'kal)lca tlio pupils to underataxicl tlie moaning of tlxe wliolo 
tiling ciiiito easily, oxmnplo, with the help of charts, it is not clijESoult for 

cliildern to visualise iiniujrbaiit relations which they cannot understand in other 
ways. A chart may l>o built up to illustrate an industrial process in science or to 
suTivmariao several lossons* work. I^ioturcs and olxarta can convoy a number of 
idt-aw uitfiin a small sfiace. They are also very useful in introducing now scien¬ 
tific topics. The proHontation of any now material with tlio help of pictures will 
convoy liasics idoan c(uiclcly and clearly. Tho teacher may somclimos build even a 
whole IcHsoti by i»rcHcnbing a aeries of pictures one after another. Of course, the 
conception of ideas vill have to bo supplojnonbed by the teachers’ explanation as 
vxcUas ti‘Xt-bt^ok«. Tlio presentation of abstract ideas is a very diflacult task 
with which aoUsneo toaohera are faced. It is only through maps, charts, pictures 
and diagrams that fcho moat intricate and oomx>licated processes are j72ade easily 
uomitrohonHiblo and theso also arouue ourioaiby for many other related things and 
henoo servo as a stimulus to fuller study. 

FILM STRIPS AND FILMS 

The tUm-atrip which ia another aid to teaching science is generally thought 
of as a pictorial teaching dovico. This is valuable because it furnishos visual 
materials that remain in the view of the pupils as long as it is necessary to pex*mit 
all of them to oxatnino it thoroughly and to analyse other necessary details. As a 
teacliing aid, filrii-stripa may bo used to sharpen tho students’ poM'er of observation 
if only those aro iircscnted through cloar, interesting pictures that aro rich in 
details. Uut if tho pictorial olemont of the film-strip is deficient in detail, defini¬ 
tion or olaritj^, it may fail to contribute to tho students’ knowledge and thus servo 
to iuliibit learning. I‘'or olfootive use of film-strip as an aid to science teaching, tho 
following points may bo kept in view : 

(a) X*roviovv in order to become thoroughly familior with its content so as to 
realise how it relates to tho tox)io. This also calls for reading the accompanying 
guide if there bo any. A fi lm-strip is to bo eolootod only if it fits into tho planned 
oxx'oricncc of tho class and can make oorlaln spooifio contributions. 

(b) To indicate what items are to bo particularly looked for. If tho film-strip 
contains titles, enough time must be allowed for the class to road them. 

(o) IVCain points aro to bo written on th© board. 

(d) Evaluation after o film-strip is shown. Teats may b© made through oral 



43 


SCHOni^ ttC'lKlfCR 


quesblonUig, wiritt&rv nmtermlh or obtM;or\ action tjf wttulp-iit. («*»f«»riiif<ntA .h n lilm- 
is shown, the tcachor nmy stop to make wmuueufc*^, cjiu'stuju^ or tt, 

earry on rlisouBsioUH prov-iclotl tho continuity oC the* lUra-i^trjp ites m»« »#-*!. 

f?omefcLme» the {‘iitirf (Um-atrip may im kHc*wi^ wilhouL ati\ int«‘rrui*tiriTi nn'l thtni 
shown a seccitul liitu*, tliim provicUn^ opportunities for 

Tlic' motion jjioturo, wilont and ia also very hotpfid a tc-at-hiuj^ aid in 

acienco. Ordinarily, tUo silent ploturo cither A%ith titles* or with spoken ronuneitt 
by the teacher sliould he used in preifecentM;' to wotiiitl Him* A tn(*ticin pi<"ture 
(aoxind) may he used for inatruotlonal purposes if the sound track «»flrc'rH til'll met 
advantages. A science teauLier muat he familiar ith the Uest lilin«« available in 
his hold. !For offoctivo touching, the teac-her ahould give eulvfine** UHHisi/iim'ntN- 
based on wliat is to bo soon in the Him ho that there may iir»t he anv rlraibl in tin* 
minds of the pnx->ilu regarding what they are to look for during th«.* ing of the 

film. Tlie difficult and new words that may oecur in the film should he written on 
tlio black-board and these should be clearly understcKiil hy the puxdlH. A film ni 
science should, if ijossible, he prcrtonlcd immediately after tfevelojn'ng tlu‘ pointf* !•» 
ho ohaervod during the showing. After a film ia shown, tin* teacher should ntart 
a discussion based on the items for which the pu[dlH were to look during tin* pre* 
sentation of the film. A scloncc teacher should also take care to answer othm* 
tions of the pux)il» arising as a result of the dtaevission. Hi* mn^.^ also eliinirmU' 
any crroxioovis imiiressions which might bo crcaiod during the slu>\\ing nf the fihn. 
The entire Elm or portions of it may he shown several tirncM, deXH.uicling on the 
needs of tho puidls, Tho tcaohing of sc ion oc will he oEFcoLive if the <l i^^cimsion held 
at the and of a Elm show may stimulate tho x»mnl« to |_further activity associated 
with the unit under consLdoration, Oroat oivution Kltould he. taken hy seioiicc 
toaohers against showing any unrelated films or mon^ titan two related films 
during the same period as such film-showing serves only a diveraitm from olasswork, 
The interest of the grouj) of pupils is to ho arouHod first and the i»uri>owc» lt»r view¬ 
ing the film will have to bo clearly established in tho niinclH of the hcfiiro 

ttie teacher thinks of presenting any film as an aid to teaching avionoe. 

By means of an oxmquo projector it i« x>o8siblc to place on a screen an 
onlargoment of oxjaquo materials such as pictures, charts, graxfim, xiliotographs anti 
illustrations on postcards and those taken from books, magar.lnoa and ncwnpaficra, 
Tho soionoo toaohor may find abundant material from current and hack ia^mies of 
magaaines and solentifio journals which ho may show to hia puj>ila in an enlarged 
form. Besides, the Images of various small materials may bo projocted readily on 
the blackboard. Tho opaque projector can also rexjrocluce oolour on the soroen. 

BROADCASTS ON SCIENTtPfC SUBJECTS 

There are .still relatively few soienoe broadcasts which are suitable for 
secondary school children. Some times interesting soienoo iirogrammos are planned 
to help listeners undoratand the ourrent soien^ifio discoveries and thus to stimulate 
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iritr‘rc?Ht in H<‘ienooi. Tlie use af radio progranirnea provides disoussions and inter¬ 
views of fUMtiiiguished sciontiats dramatisation of past and present events, such as 
tilt* disc'ovc’ry of titc battery, or inoidents in the life of Newton or !Fareday etc .In 
ortler to ntilisf* tlic school scicnoo programme as a supplementary teaching aid, the 
Hcienco tcaehci* {should know the general outlines of these programmes and the 
advance* infoririation contained in tlio teachers* guide so that he may prepare the 
claHH for listening in. 'JCliiB jiroparation for the broadcast is highly desirable and 
tJie cxt<*nt of sucXi prcimralion is dependent upon the background of the group. 
Ohildren without any background or prox)aration are not likely to be at all interest¬ 
ed in tlie ctiuctttional scienco broadcasts offered, 

*riio uses t»f some of tlio audio-visual aids as diacusaed above are not Unique 
to tluj teaching of scierioe l>ut they holi> the science teachers to a largo extent in 
making the ioarniiig of science functional, as much of tho content of science is 
relatively abstract and hcnco difficult to comprehend if only tradtional teaching 
methods are followcil in the classroom. 



THB QUANDAI^Y OF MCTKNCJE IN THK KI.KMEXTAItY 

SCHOOL 

N. El-nREn BJNOHAM 

Professor of Science Education, University of Florida* 

At a time when man's knowloclgcj (IduliU-a abuut every ten yearn, mnil rut>«t of 
this increase in knowledsa in in the area of aeit-ncf. tVu.pe for Uif fi[K-ra. 

tion of onr schtinla aro in a quarnlarj vugartling tin- phtec of ttcir-ncc in the 
elomoiitary school. Ah J.H. FiHt-lior of Chiliimhia Uniteraity lina anirl. “Tlir* oximn. 
Sion of kiiowlodgo has inaclo it uttoriy iinjKirtBililc fjtr the soljool l«i tlonl offcclivoly 
with a field, ainiijly by trying to git o the child a Muiiiinnrv of it.'* He gta-K on to 
point out that iiionccring ih needed t<i git e. nmm depth to Hiilijeet. 

Yot how fruHtrating it ia, cm tlio cdiior hand, to hnve an rigid a Mejiedule ttf 
activities tiiat children xnuBt atop thoir highly motivnled imrauits in oim nren, to 
tako up another area, ViooauBo a hell riiiga. 

The quandary of soionco in the oloinejitary acliool »eem» to foeua on five quea- 
tion: (1) Wliy toaoli aoicnco in tiie elementary Hehool'i (il) What aeieni-rt wliall tte 
teach in the elementary achooll (3) Wlio Hliall teiieh atdiuiec in tho eli-nientary 
Bohooll (4) Ifotv Hliall we clcaign a currioulurn in elenientnr;i" Kc-ient-e to take 
advantage of what wo know of child grotvIII and development f (fi) How run we 
better articulate the elementary Bchool Bcience program with that of junior and 
senior high school^ Lct’a consider eaoh of tlicKC aopnrately. 

WHY TEACH SCIENCB IN THE ELEMENTARY SCHOOL 

Certain of the reasons for teaching Bcionco clnstor around enabling all 
ohildren, youth, and adults to live safoly and cfFoctively in tlic te.ohnologieal Hociety 
of whioli they’re a part. Efficient production and distrilnilion of ail gootbe and 
Borvioos involves many applications of soionco. Kcsourccs must be used wiKcdy to 
maintain a high standard of living. And lioycuid this, an understauding of tlio 
nature of science, an awareness of the findings of soionco, and a rooognititm of tiio 
limitations of soionoe are necessary if each individual is to dovcloji what ia for him 
rational and satisfying picture of the world. This xdoturo has to do witli Uia reasons 
for doing things, with his formulation of a way of living satisfactory to him and to 
his fellow men. 


*At present member of the Teachers’ College Columbia University Team. Delhi- 
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I Ills Ix'Hiriinig ixi seiOTieo slioiild l)ogin early in tlie elementary acliool, for 

one ^soc-r to the elfertientary aohool and a largo portion of tlie population 'will 
misR ac*if*iif*e iriHtmction nnlcsa it fcalcos placo Iiere Second, it is tlie time in one’s 
life wlien inost indiviclnalB liavo a natural interest in tlxo world around tliom, and 
thir^lly, it ih a time wliem mental Haliits are being formed, wlien boys an<l girls are 
learning to tliiiik* These lioys and girls should l»o made to prove certain concln- 
sions, to come to iindoratand that the ossence of science is tliat conclusions are 
arrived at on the basis of facts. 

0\ or and ahovo the need of tlio individual for science in order to live effective¬ 
ly in society, is the need of the individual to do his share in maintaining and 
advancing tlio socioty in which he lives, "We need more scientists* and "w© need to 
get lliein Btarted earlier. These acicntiata need more and better background in 
the RcieiiccR, KOTnotimc-H two j*cars beyond the doctorate, to aid in charting the road 
ahead. And tlio various technical advances acquiro a wider variety of bettor 
trained tcchiiieianH than have been needed in the past. 

Since tho world wc live In involves so much soionce, the decisions of the 
statesmen, politicians, and other national and international loaders must be based 
on an avvaronoss of the rolo of soicnoo in aooioty if tlioso loaders are to effectively 
uliart the social, ocononrio, and political road ahead. 

Kinally, it is imiiortant that tho man on tho street have some understanding 
of HCtirnco, licoavise logislators novor go far beyond public opinion, and public 
opinion should bo baaed upon an awaronoas of the oontributions of soionoo to our 
sociicty. Otherwise how may tlioso legislators deal adequately with such problems 
as those of atomic testing, natural rosouroos, tho jjrevenbion of the extinction of 
many of tho natural plants and animals, tho oxtonsion of resoaroh, or the 
poimlation oxjilosion? Wo aro surrounded by problems that involve scientific 
factors and the man on tho street must bo aware of them. 

In siJite of tho vast evidence of the need for science if one is to live effeotive- 
ly in our sooioty, and of the need of sooioty to have its children educated in soionoo, 
many of our citizenry and even some of our olemontary x>riiioipalB and elementary 
tcachcTK act as if they rosxiondod negatively to tho quandary; ‘Shall wo loach 
soionoo in the oloTuentary school?* 

WHAT SCIBNCE SHALL WH TEACH IN THE ELEMENTARY SCHOOL? 

There are many questions to consider in arriving at a satisfactory answer to this 
quandary f^ball the soienco wo teach bo primarily concerned with tho natural 
environment, or with the teohnologioal environment, or aro both important? Is it 
tho social use of science or is it an understanding of the nature of science that is 
more iinportantl Aro the needs of a sooioty best served by teaching -what is now 
known, or by an emphasis irpon aocounting fop what w© now . observe to happen? 
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aiiall tUe Bcientiti wc! tfcftoh in the rU'HM. nt»r> *.» 

it bo largely Invefstigat^^ryl WhaU the rtmtent we *.«’!..-<•? S-. CT..n-j* 

of children., or from a roCfngnitUiti of important t>ai‘iv # “f f t r,,^ <? *-, »>*% 

the teacher and of ourrhnilum rnakci^l Air«" the nr«‘*J»» the . 

samo as, or quite different than tho nerdiwof tl<o fnlsarc- f<‘ hEsi- ',:A%t « i nS.r s'^^tea?*' 

■businesBrnan, or concert piftniaatt WTiat aro- tlio *-kt!l*>' 

tho children -^rho aro now in echrajl twenty H% yearw fr< sn f At^ i'(.t tff, 

as thoBO of today or will they he f|Mit<'diflVrent frtm* ' Sfth^ 

will be quite different from thnwe »*f f<.4ay th« n ^hj«t « 3. s?** a.t 
will best fit these future eilisena t«» li\»- !*. U en *«hu«fc rha/aniH^^^d 

society? What kind of hehavhmr typilie*? tSi»' s* *«t t?-*? <>■ E^h., rnish*- aio 

outstanding contribution to our T«* what ths^ i4v»«H8r 

desirable in the ordinary eiiiv.enl Cun Ihi^* K*it<! •‘•f hrli^* ‘ ssr 1 » hh »n«r 

elementary schools? TKckc and niwny other *!«• l5»'ip ^ ■* ttf- ,m»it»< k» rs‘* k’ ths 

quandary xogarding what. «ci<*nt*e* s>ii(u>1() \so in th*'^ -*1' ir\ vth-iHi.*! 

The soiojitific revolutum. which ban been i "..v tj(*4f, ithrf^«t 

hundred years at an i-N or nceelcratmg funiif . lief* wiih>n th* p.tht f* x^i o|r » 

at such a siaggeringrate that a r«*volutit»n »i» ««'irnrc i* h» •• ,inni»- tro -k nt-whhr, 

A oonsoquonco of thia rapid o1 wolcaccm-i- of h-«r*4ing i>. tSssit 

alert has to bo continually Htudying. for the Beionen ho t-i « «!j*4rh«''dly 

from year to year. 

Elementary acicnco followed tho intrcHliic'lmn *«f «-• n-to r- 

in tho high schools and waH x^^emied front ithimt thu" Butiitc* |vr«it»t x^f \ b w 
general science and gcrvem.1 hicshjgVv In tht' e-arly >•« »>f n*»- 4 «* m^ra-V 

biology were introducc<l into tho aecoitdciry Hch<H<)H in r-f th»-> jllc’ 

disoiplinos, in order to rnako all Htudont*? niufiir<« t*f the n4kt»flrn «nd 

and to give tliem experience at an intruclui-tory Irvel vi«4rki{>«r t-h'^- v.«4v e *>« h ntnwt 

■works. Problem situations were designed to makr* the Hludt'Hf;'« ♦•rui^tr,-rx'^urtlmg 
their solutions, and plan laboratory aetivit les I** l«’st it t'idifti sx^n b'lTxArt >*■ wrire 

made to habituate the* approach c»f weienc-e in thn «*(«Uith«n «"f I r«!»h!« Sn the 
natural sciences, particularly those scienee pr»d.d«:Mr»»» that rfl4ii«#f’k t*. ixh^l^ u» 
welfare. 

Tn the intervening years much of the original jiurpowe^ f»f 3f.;iL»n«'ri4i c*f 

biology, and of eJomontary aciciieo, has hfH>n ». frn hitMtira^ iry,, 

and have tlio children informed regarding all the things that ar« twksja^ir i»tnre «n 
tho eciencos, 

' iCowovor, we- resolve this quaxidary of what soieiioc to t«raoh in tha- 
school, certainly the emphasis must be upon the very proct-'t^a^ rd’ j^ci* iifis - n 
321 which one gathers the facts and bases his oonclusUms on thes^o fat a j-iroer^ 
in which social and political and religious pr«iadices art* reduced to a minimhW 
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an a Ijanirt fur <U'-c*i«ion iimking. To a considerable extent the aotivitien iu tVie ele- 
itieiitary kcIkhjI hIiouIcI be ooiicernoti vvltli the development of coiicei>tH, and con- 
cH'ijtiiitl riclii‘iuc‘« to aooount for what happens. Reason, is used in. proclictiiig wliat 
will hjippf*n under certain oonditions, and. also in aocouiiting for wiiat happens 
KxpiTn/ifiifs am used fctj get the facts to verify or to reject the predictions. This 
irt the way Uif soientiHt vvorkH, Jiaoon said regarding this matter, “lloaaoii does not 
make the cHmehision octrlain unleaa the mind discover it by tho path of experience.” 
Newton aaid, “I shaU ur>t minigle oonjocturos ■with ootraintics.*’ Elementary chil¬ 
dren sJiotihl )iavo cixx)orienco in gathering facts and experience in reasoning from 
these facts, 'f hoy slionld learn to distinguish facts from the exiolaiiations of the 
facts tlioy Uavt> gathered. Ono of the lioat ways to help tliom distinguish facts from 
the explanation of facts is to involve boys and girls in exj^orimenta ; in quantita¬ 
tive exx>eriiu<'ntrt in which tliey collect data, make graphs of the data^ and then use 
tho graxdis in clpvelox>ing conccx>ts. In this way both luatlicinatics and soienco can 
ooiiKi tti function more cfTc-cLivoly in tUcir lives, and they will move in the direc¬ 
tion of deHcrlhitjg nature in terms of quantitative data. In this respect thoy will 
b/' more like tin.* scientists who aro oharting our destiny. 

WHO SHALL. TEACH THE ELEMENTARV SCIENCE ? 

One eau teaoU what one doos't know as -well as ono can return from a place 
Olio hasn’t boon. This statoiiiont, not original with me, servos to point our 
thinking regarding who shall teach soicnoo in the elementary school, and it is rola- 
bod to what scionoc one toachos in the elomontary boUooI. It is a far more serious 
matter to bo uniformed, regarding the basio ideas of soionoo than it is regarding tlie 
fleeting ax^plioations of technology in our immediate onvironmsnt. A toaohor 
cannot ho^jo to know all of the toolmology, but it is shameful if she is not infor¬ 
med regarding tho truly significant ideas of soienoe, for tlioao ideas enable her to 
weigh questions presented by students and to select content of importanoo in 
guiding tlio develotiment of the youfng minds that are her responsibility. 

In America wo are coramittod to the self-contained classroom. It permits a 
flexible soheduling^ it makes possible a olose relationship between the teacher and 
the child ; it is like a homo away from homo. With experienced teachers who 
have exoolleiit backgrounds, who understand how children grow and develop and 
learn, this kind of arrangomont is quite ideal, and oven though the teacher may 
not have an oxoollont background in soienco, if the library has excellent onoyolo- 
pedias and trade books iu soionoo to supjiloment tho rafclior limited elementary 
Boienoe texts, and if she goes along with children and holxis them x>lan aotivitos to 
tost ideas, plan ©xiieriments to illustrate ideas, and tho like, she is in a jjosition to 
make “the way of science” an integral part of almost every activity. This teacher 
can use his group’s interest in scienoe, or in almost anytliing else, as a moans of 
moving along in the other areas of living. Reading may become purposeful, arith¬ 
metic is useful in quantitizing experiments, pictures aro painted to illustrate ideas. 
Maxirnum learning occurs when it is timed to coincide with a child’s desire to 
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iuvestigate «ometliiiig» h itii curioMtv, a-nd thi»^ «Iowe 4 t» 

toaob-or atid tho ohild ia to «. Qn*a» n * I *- 

eidared at the time when they devclui*. atitl tUe«c* ■« *“ ts * rjis* 

latioa to jjroblam-solviJJf?, **rcHoaroh aotiv»ltc*H,*’ in t!»e <**.* S in« »* nt:«^ 

oornor. 

3ut> it ia an almost impo«aiVil«t ta*»k to Ktttir nnr tdrn»t n« j»r;4 r»»h,e £4f^ tAifh a 
oomploto comidenicnt of toaehcTa who can aflnt|iuitfl>- mT\o th*- »»< ih»' «-hil- 

dron in scigiioo. Soienoo m oixo of tlioae lioIdH wli«*rts if & jwrfwn* i**, t*. In* t 
ho must have aomo muleratanding of ail of the aciennxja, f»»r fpt#•/>?, *>f t'hs- 

mentary oliUdron are not oonfmod to a partictilar difciidino. i»f the 

of ohildron muat bo inadequately treaU^d or e'veo if the’ r mrji 

have a speaking aoquaintanoo with all eif tUo Ri.'ii»iiC5**a, ari*i Ki»flh ir'«%t > \i| *«rs»*u«'*' sn 
one or moro of tUoin to have clovcloiicid a fooling f<tv th**^ * +' 

tamly an olomontary toaoher, to deal ofTtsetively with uiifiiiy t»f lh»’ fjti"' r-tie+xj^, 
a background, of oolLego courttoH in bh>U>g;y» got»lc»gy. a«tr*4n*»ii»y. Udisfll hf tno* te Mt»d 
in the physical acionooa. 

XhU background cannot bo provided iu the tproj^nroitini* e>f all »dt»ine'»»te*ry 
sohool toaohors. Soiunoe muat lioooino one of thoso fieldo. like mufc»iK‘ r*r nrf, that 
'Will be at least taught by BX>noiaUntH in tho olomiuttary nhehcHtl* 'rhor«» 

should be a room sot aside for this Bcionco tcaelier. f«»r the n* U'aehnr raiivujt 

carry muoli oftho equipment she would wieti to uao in tfaehing from r«K»n» t*> r*"***!*. 
Consequently there should bo a room whom hIiu may set up pormatieni. ni|ttn.rin. end 
other demonstrations that may bo used in teaching aitienro. T'hiH r«nc*in nmy M-rva 
as a resource room fbi'oquiinnont, roacling matnrml^r and thn hk»» £<4 hcffek*.i< hy 
students and teachers back to their largely aolf-ctuitairunl At f^iirt-fuUy 

scheduled times, worked out cooperatively by tUo fccachf-r» ami th«* weimn** >.p«?via- 
list, classes should spend time working in this Beienco room iindcrr tin* clirfctiou 
of the science specialist. Hero the curriculum may be* dirce;tc“<l towanl b«tti« idvaa 
of science. It is possible, in tlie educational system in AineHc-a., tti £*rot ido 
siJocialists to be placed in ovory olomontry schonb while it i« not to ad¬ 

equately prox>aro all olomontary scliool teachers to doal r-jETeotivHy w ith 4Rfd*-nin<s. 
The work of the soienoo sx^^®***''*”*^ would suiqtlninent the »f’ienoe nrk of tin* t lafi**- 
room toaohor, and moot the noodo of thosn children wJio need t-o far l^tyond th«s 
training and baokgrotind that is possible for sdl cdenientary te»trhf*rs. 

ffohf Shall We Design a Curriculum in Elementary Science fn T^ke MdvcmfUMC uf What 
We know of Child Growth and Development 1 

Children are primitive aoiontlsta at heart. They are eurios*** imtii pe*rl»aj»m 
they find no one interested in their quorios. They are ex^tlorcrM and thoy are 
adventurers Many are keen obaorvera, and others can be holpt^d tu obmsrve*’ It is 

amazing how much more young oMldron grasp if an otlult reacts to their axqiarunfe 

interest, how much more rapidly they learn to ^ langugu, bow quitskiy they 



QtTAlTDAJEfctr 0» BCUKITOA IH THE EEEMENG.'A.RY BOliOOL 


65 


hiis^^iu to rlov«lojj concoptH ofliot, of Kurt* of dog, and tho like. Xliey aro coUec- 
tor« of natural lifo, too. If tlioy aro helped in their obBervations, there is a basis 
for' incroiivaing rather than squoloiiing their reactions to the many atiinuli that 
surround them. 

A tcaolier may oapitalizo on these ourioaibics, these interoBts. She may dia- 
otfvor ohiidren’s iz^toroata or a]io may av^akon now interests, then aho may help 
them to develoxj thuae intcroatB. A toaclier may discover her oliildren’s interests 
by getting tliom to talking, and. liatoning to what they say, or by observing what 
they a^*am to bo curious about, or by asking probing quoationa and thoii paying 
attenticin to bUoir responaoa. A teacher may awaken an interest in students in 
aomothing that sho holiovea important for thorn to learn or to investigate by pro¬ 
viding some kind of an enrioliing oxporienco out of which quoationa and projects 
may ariao. A teacher might do an interesting experiment, or slio might read and 
discuHH some recent roHcarcli report in the »Scionoo "Worlci or the Scienti/ic American, 
or ehe might provide an interesting him or B^ieakor. X’hero aro many stimuli that 
may bo used to oxtond bho obsorvationa that children make. And then through 
interaction with tho chilclrcn the toaoher may raise questions that will bo guides to 
further study. 

Wliab kinds of questions will stimulate the children, to go further ? Xhore are 
two kinds. One kind pushes tho ohlLd to a point whore ho knows ho doos not know 
tho answer, and fools a need to iuvoetigato, a need to get more adequate date to bo 
euro about aomotliing. Tho second kind pushes tho cliild to th© i>oint whore ho 
t*oaU7.oa that two things ho believes conflict, or disagree ; are disharmonious ; that 
bath cannot be true. This is tho most productive kind of question, and out of it 
some interesting invoatigafcione should develop. Some things a toaohei* may do to 
stimulate his children to investigate are : (a) Suggest alternative oxplanationa to 
account for tho phenomena, (b) I^red.ict tho oonsoquences of alternative explana¬ 
tions in various situations, (o) Mentally explore related past experiences, (d) 
CJonstruob models, pierhaps mental images, to visualize tho situation, Co) Do ©x- 
perimonts to test jirodiotod oonaoquonoos, (f) Apply bho tests of adequacy and of 
harmony to tho prodiotod conaoquenoos, and (g) Aooopb or reject explanations in 
th© light of th© tosta of adequacy and of harmony. Ib there adequate data avai¬ 
lable for drawing tho conclusion ? Under what conditions is tho oonclusion to be 
oonsidored valid ? Is it in kooping with explanations that may b© used to account 
for a number of happenings % Scientists prefer tho aimiilost explanations which 
aooout for the widest number of observable phenomena in a harmonious manner. 

To capitalize to a maximum extent on the curiosity and interests of children, 
there should, be a wealth of supplemental materials, such a library books which 
may bo used to verify children’s conjecturos and as sources of new queries to be 
undertaken. There should be an opportunity to use some of tho tools of tho sci¬ 
entist to experiment, to study the small as well as the large, to weigh and measure 



ist tiRMfr'K 


no 

to conattucft iUui^tratii* #*> <»'«-! t(,j*l-j.-jrii.tf* 

ct*c^at.p <iilTciift*Tit cr»i!i*liti*>iii'?* f«»r Hv »y*:A si<'T*i. « f*-- 

over a t.’‘unHi«l<‘rttl)lc‘«.f tiitu*. 'rU«'r4* 

oau actively try out tlieir 'ritiH «'«*n <.'i> ar- 

ouco rciom t)iaii In lhr» inrlivulo/*! ^-If •m * 
vity is api^ropriato for both. 

And if the pr<»c*ew*« of iirriviT'»|^ ut ^.oulr4■i S ^4 * < .♦"U s^e 

bo be praefcici^d, the* ehildma numf, tf*h4iri* in d* l«'rj*«»ii4so»;i‘ »» «■' 

goinu to invcBtigatn, h<jw thoy v%jll in\H. s^il^sissi «>tr 

setting up tho apparatuH tVmt they'r** K<ttn«!t to X4* t« tt«» -« m » 

Aa t^o«rohor« of «cif'iu‘t‘ wo ran u«* l«»nsjr-r Im- «y«.li«'*8»-<<S was^A « fj-si#,;.; ih« 
of thingR ; with riier<-Iy ola(««il>'iirij4 them , with *h-r t m« ■- 

how and what. Btag'eB of Uiinkitt^. Hatl*r-r, ■»«' ' - -S! ^bsi% 

tho children in ruak.iiig ertrcful <»h«n“rvati<»n** in i-xph‘ml>»■>«, »s« * Btusj," 

in chocking on the atlo<iuacy of the data, in tViiUjjuini^ t he < r-nid-.t KstA* unjs^ler 

whioh tho data apply, in gaining a raeil utuleintitatKihng «-f «h>it t rtk< < . ai4«8 in 

develox)iiig dopondablo concepts. Anti thia innKt orenr nt ry b A-t thr* 

ohildron progrosw tliraugli tho oiernentary «clicw»l tht'> mii «ie%r-b»j» a n.»«!re pr«‘i; » 
wore oomploto, a moro quantitative c*x|t1anatioii tif what it in th«>> vvt-miet lh«-m. 

Tho currloulum in elementary aeienoe may l»e dtry-in^tnftl U» tsiK*" wAvant-rtge *i»C 
what we know about child growth and clcveiupmc'lit by birsiMm.«? xijfMCi<i> ih«*^ nalis'rat 
interests and oviriositles of the oHildrnn in th^v tbinjica alrtnit them, am! tlo-nj b% *c«8»«b 
ing thorn in tlioir investtgaiiona in the. library, in tli«* l«bt>rflit«-r>, »«i tb*' •(•r 

wherever they may bo. 

Ifow Can Teachers Better Articufatc the Elementary SchiHft S^eience PiVtth 
That of the Junior and Senior High School T 

Perhaps imrarnount in this articulation i« t,c» early lake on tU«» way mC iht" ?«« i* 
©ntifit. TJie more dependable oonc>c£>t» a ehthl *levc*l*jp*», th»» b<* if* 

with checking those oonoepta against oUnn* corioepl« that he biiht« ; l^-rtrr th*» 

qaallty of tho conceptual aohoine« he will biiilti to guUh* hi** Thi <4 44 m for 

different matter than being primarily concerned ah<iut the rnyrtst*! 
fl-pplications that barrage tho child In Ills daily exjir*ri 8 »fiifrc*«,. If*- €“,^ 1:3 Sr* 

through this teohnicnl barrage to the baRlea ImeauMC haw to i» 4 tisf?o lh«s 

aonndnosH of ideas and the worthwhilouoaa of ideas. He has i:iit.vcloi** d that 

explain a wide number of related i>honoinena. 

Several projects are currently being carried on to ace ht*w thr^r with 

*^"mileage” may bo developed. In the IllinoiB Keroentary Hchec4 Htwdy dirceti^rd by 
Myron Atkin, children are faced with acme of the problems thut fac'tHi th«s ea,rly 
astronomers rather than with a oatalogiKig of the facta now known ainmit the ^jwalar 
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iTi the fii’Ht of a. Horioa of hooka that they have xjroducort entitled "Chart- 
tlio CiiivcTao,*' two ieleaH are nclily dov-eloped by many exx>eriinon.tH . (1) Ho'W 

<lo we iiiejtKiiro cli-slanijoH in apacci by ? aucl (:i) .tlovv do \vc iiao thti inteii- 

Mjty of li^iht siH a. inenanre of dj.ata»>r*o ? 

ItoluTt TCaridvia, of the Xlcparfciiicrit of 3i*iiyaica tut. t.ho Cnivoraity uf Califox- 
nhi in ,H«‘rkoIny, in an olomeiitary Hoioiico oxporimont that ho haa been carrying 
out juuntH out tliat "tlio ijroaonfc confcoiit of aoionec coiisi.mLs of tiio cojacoi>te and. 
relationHUii>H that niankin<l has ahstractod. from tho observation, of natural phono- 
inenetovt'r tho oenturios. It ropresonta tho outcome of a lo-ng and slew xjrocess. 
I>nring thoir tdcinentary sctliool years hoys mid girls are engaged in x**^c;cisely this 
kind of a}>stracl.ing with rof>x>ect to tlieir riwn natural environments. Tho 

fiinefciori of eiUn^ution is to guide the dovolopment by providing them with parti¬ 
cularly informative and auggestiv'o experiences as a base for their abstractions At 
the sanin time, and tJii.s fxiiiit is often overlooked, they must be witli a 

ooncejitual framework that porrnitB thein to x^orcoive the ^ meaning¬ 

ful way amt to integrate thoir inforouco into generaliz-ations of lasting valve *’ This 
jirciject also foeuaoa on tUo eonstruotion of a coucoxjtual framework for tlio eoionoc 
ourrioulum. 

W‘o tvaii better articulate the olomeiitary school soionoo program with that 
of tho junior and soiiior higli achool if from tho very beginning wo mako children 
aware of tho nature of soionce, if wo help them livo as scientists. 

lu tho oarly grados toaoUors may holp pupils become acquainted with the dif¬ 
ferent kinds of things of natural interest to children. This ia tho way soionoo 
began. It started out as natural history, and later became increasingly experi¬ 
mental. W’hat is in tho env ironmonfc W'hat aro tho things made of ? V^hero do 
they conio from 1 What makes rooks hard ? How is soil formed ? Wliat makes it 
rain ? "Why does tho "wind blow ? W^y is it light during the day and dark at night % 
Hew are shadows formed ? How do plants growl How should I food and oaro for my 
animals ? How do they raise their young ? Why do they behave as they do ? These 
and a myriad, of other questions oan. serve as tho basis for many investigation.'a. The 
drat i'mpi'ofesions w'ill bo largely dosoriptivo and later more quantitative. liJxxiOTiments 
are a moans of getting more precise observations on which to build more definite 
and cloiicndalilo concepts. In a child’s first thinlciug about sciouco, he is very depen¬ 
dent on direct Qxx)orionco, but as ho progresses through tho oleiuoiitary school ho 
is able to an iiioroassing extent to focus his thoughts on relationsliqis between 
abstractions without constant refcronco to a particular stituation. 

On a sound elementary program such aa I*ve described, there could be built 
a junior high program that w'ould emphasi'zie tho biological sciences at tho 7th 
grade, the earth scienoeB at the 8th grade, and. at tho 9th grade tho physical soi- 
eiiCGs_, particularly physics and chemistry. It is quit© important that at the 9th 



eg aoKooi. iwawoif 

grado levC.1 those who are going on Ui the M-ni-ir h!»!h «. Sof'tf tfnf ft- of 

hasic ideas of ph;^«icB and e-homiitry, so tijai the Hrt!. srr.n-S*. 

aomothing more than duscrijiUve l>ioio?;j , mav Im' snoio r< itr^'*> M'Sati'. «■ '>f ah.i! it i» 

that biologists are eonri-mod w ilh imlay. Wlmt. * iiitutt Ituzu n-na. 

living things t Wliat r(ilntitin«)ti|is exist I« iwet-u sarixus 5,>rid.. i»i -iMd 

botwoen living things and tho idiyaical nn viTomnenl ? Whai ar«’ f h«' rjf 

life ? What nro thn lirnilntions on life ' ItuM did Iif.-.ic4 idoji J Ito.* -he « lifer*, 
produce itself ? 

In the upper year** of the Mjitior high sidnsil flo-n- is a < l<ir 

oourwes ill idiyaii'H and I'lieniistry that drii! withUio -i ili].*! ts »r» ;«ji c*!*" riiii«'J«la.l 
and quantitative 11 ay. and till'work in tlin siihp-ets oi t h<,ij 4 ).,*ry and 

physics in tlio Hciiior hiuli srhieil i*ari tiiiis he at a laui'!) in.id hereto- 

fore, a level coinjmrahle to Vu-ginning wilh ge ismrwi h in th‘ .«' K ittp'.ts In Ihvi way, 
it is poasildo to speid up the training of those «ho will a<» mt m t>i“ ■-« >»n.<-i. f.jr hy 
moans of special exartilnatitins many of thrsi- iin.ih! ipiahfy for ridi.mc.d > iw-nt 
when they reach college. 

The quandary of Bciciioo iu the ciernriilitry »< h<a.l Ims hmi tiisi tn^nrrl ntitine 
five difforont queries. A oaso 1ms been iimdi' that lo live i Sfi-rtiveli in oiir teehno. 
logical society every individual needa to knovi' Bonie srienre, and Unit fn ienre i» 
important for maintaining and advanelng our miriety •, lluii tin-oiojihasi-. in the 
aoienoo programme slvould lio on inforinative, migpitstii <• eajM ri«-i«i *•« whtrh form a 
base for sound conccqits and oonouptual Beheniea ; that a »st-it?tn-«i wjn-i inliKt i-i ••aurn- 
tial to help primary toaohors teaoh aolenco and to t enrli mui-lt of ttio of tins 

iiitormediato grades ; that tho HOienoe currieulimi of tlie flrniontary sehool niionltl 
he based upion the natural curiosities and interests of eliildren. tliat tl»«* tr-aeher 
may helii in developing theao interests hy atresainn j artieii«itiusi of the ehtldmi in 
ail of the investigatory activities and in applyiiig the leats of aderpiai y and of har¬ 
mony to the predictions and conclusions Uiey have iimde ; that, a nrll nrHenlatoiI 
programme could bo built by omiibnaixing tho natural and ilie })Ujsi«;al sriem-i s, 
explained above, in the elementary grades, hy Htressing the hiologieal jRrii-tn-es at 
the 7tli grade, tho earth acionoos at tho 8th grmlo, ami tho physii nl .HeienypB at the 
9th. Then on the basis of a sound liankground in the natural and phy-eis-a-1 aek-nres, 
the disciplines of biology, oliemistry and pliyaies iniglit. ho tauglit in tin* »*nkir 
.high school at a level far exceeding than presently foniid in most sebrnda. In tUi# 
way we can improve tho quality of soionco iimlruelion of the future eltij-rtos of 
America, and speed the training of those who will iieetiirm our futuro «eiBiititft«. 



CLASSROOM EXPLIRIMENTS 

P. S- V, RAO 

B. Af. High School^ Mangalore 
PRINCIPLES OF ARCHIMEDES 

APPARATUS: 

Tiiroo liottlcH aro got reacl^t as Mhown in tlio sketches. Two bottles aro of the 
same size. Tlie third bottle is of a bigger siKO. Tlio first two bottles are made to 
weigh 100 gme and 150 gins reBpoebivoly by adding lead shots and pouring paraffin 
wax to kec^i tlie shots in place. The volume of tlio two bottles used is 70 cc each. 
The third bottle is made to weigh 3 50 gins. J ta volume is 100 o. o/ 3?or weighing 
a spring balance is used. The bottles are numberod 1, 2 and 3 with red nail polish. 



METHOD 

The weight and volume of each of the bottle are found out at the commence¬ 
ment of the ©xporiment. 

Experiment 1 

UTow Bottle 1 is taken. It is suspended from the spring balance. The weight 
of the bottle is noted. A beaker of water is brought under the bottle. Then it is 
slowly immersed in. water. The pupils are made to observes, the bottle apparently 
losing weight. When the bottle ia completely under water they notice that there 
is no further loss of weight. The bottle is again withdrawn from the water. The 
spring balance now reads tlie original weight of the bottle. 
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ifcmoou ^i»j***» 


Experiment 2. 

Tho aViove yxj»«*ruiii.*iit 1 h -■•sS 


Conclusion 

Whoix a l>ady in ii» n, !< r •. *»* 


Experiment 3, 

Now l)Ottlea Noa. 1 & are iak*m, Itf.tli «-f -*r#' »r» -^ir in 

water and the reanlta ar<> riofcerl 


I-totlle Ni». 
I. 


Wt.. in air 
IOO 
I r>ii 


\Vt- m »v*»*< r 


)«.i Wt 

7**' nmai. 

7»l fi'Sii -v. 


Conclusion 

'J'he apparent Iohh of \\ cvn?ht diH»« iKtf itjunt Mf*-* <d’ lcSa«« (rd»j< r*t 


Experiment 4. 


Now, bobiluH 

2 and 3 am taken uiid tin* a 

••xpr.riJn«'Uf I. The 

rcBults arc noted as 

1 k‘U>w * 



JJotblc 

Wb. lu air 

Wt. in %v«t<-r 

.Vpl»Mr<*T»t *»l' VVt 

No. 




2 , 

L60 gma. 

60 gma. 

7t» grriB 

3. 

150 gms. 

50 gm«*- 


Conclusion 

9 



Tho apparent 

loBR t^f weight 

BtiiferecV by A 

oiejn'mla u|>Ki*i» it«, v»4nmr’. 


Experiment 5. 


Now all the throe bottles 
arc tabvdated as below. 

arc taken and weiglied 

in K»*r*mene 

oil and ret+nUi* 

tiobble No 

Wb. in air 

Wt, ill Kurnaeiie oil 

Appar<(-iit 

of Wt . 

3 . 

100 gms. 

44- glllM. 

dd 

Umiw 

2. 

150 gm8. 

04 gntH. 



a. 

l 60 gms. 

70 giiiM. 

HO 

KniM, 


Conclusion \ 

XKe appaconfc loss of weight suflTorocl l>y a body dwponda upon tho density of 
the liq.\iid in. which, it is iinmeraed. - 


These exporiments can. be naod now bo draw tho oouoiuaion that wlian a body 
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IK inimorBCtl in r licjuid (ho ajipatont loaa of weight Buffered depends upon the volume 
of (he- solid and the density of tlio liquid. 

Experiment 6. 

All the hottloK are firfit ■ueighed in air and then in water and the rcsidts tabu¬ 
lated na below 

Density of water ia taken to bo 1 gm/co (d) 

Bottle Wt. in air Wt. in water Doss of wt. Volume of water v x d 

displaced 


100 gnia. 

30 gins. 

70 gma. 

70 c, c. 

70x1=^70 gin. 

ino „ 

80 .. 

70 „ 

70 0. 0. 

70 x1=70 gm. 

IfiO 

no „ 

lOO „ 

100 c. c. 

100 X 1=100 gm. 


Conclusion 

Tho apx)aront loss of wt. it equal to the volume of solid when the density of 
the liquid is one. 

Experiment 7. 

'i’hc above oxjiorimcnt ia rcjioated using Kerosene oil. The density of the oil 
is found out. Here it has hoon taken as 0.8 grn/ec. 


Bottle 

Wt.in Wt, in 

TjOSH of wt. 

Volume of v x d 


air Kerosene 


Kerosene 




diaxilaocd 

1. 

100 gms. 44 gma. 

56 gms. 

70 n. c. 70 X 0. 8=50 gms. 

2. 

150 gins. 04 gms. 

50 gms. 

70 c. c. 70 X 0.8 = 66 gms. 

3. 

150 gma. 70 gms. 

80 gms. 

100 c, 0 . 100 X 0.8=80 gms. 


Conclusion 

Wlien a solid is complotely iinincrsod in a liquid Apjiareiit loss of 
weight=volume of tho solid ><; Density of tho liquid 



The Unit Aj)j[»r<iH,fh Ttt T«-B*-hin(f Kchw t* 

hy 

t>r. And Mrs K. Hldn-d 


How shall acieno-c expprh-iK’ns for l«ty« and pirlp I --fitrli d ? H«.» -JihH thry 

be initiated I How shall the.', he ornani/rd t How .-h«» t1.» «■ K»-'ri*-.ti»- !«■ r< Ut. d 

to other eehool aotivilies ? How cnii fhc* * f sl.«e'* *.a;j * rs'“si'■*.'* ht. 

related to the lifo needs of the KtmlfiitH i In ev-fry tca<hiij,r ei»na!i><i< *',»• tiad.er 
must play a major role in deternilniiij; »li«t to ttaeli, hem to and *J4*- n iatnm- 

Bhip of what ho teaclit'a to other sehool ailnitii-r n»itl to 11.0 lifi* t!Kd.. of • t.r 
The 13011 apiiroaeh is one of the incist iireeli^t' iiate to ij An *'xi i riemrd 
teaoher, who xtosBeases a wealth of inlijmialion on the sohjei't to 5'e tsnwl'it. anil who 
understands how children lenrn, ran built iv unit with the Btutuniw. 'fUti- t.* J « 
the most effootivo way to te«eh- Hess experh nee<l l••nehe^«, with lei.e 
grasp of the content to he taught, can Improve their teaehittg hv oiiits 

ahead of tiino, and hy ualiig tlteso units in the eln-nrootu. lt« may i i etj atlaj t 
units propjared b.v others. Whether the unit is to !«• iilanto-d with the et> detde, tir 
to bo plaiinod ahead of time, there are certain i-.lenietitB that «ii'.MS«l «1««» s he 
oonsiderod. In this account wo propose to show how » tt-Beht-r »iia> i-lart n unit 
with her students and then to present an outline to he used in prej Bring miils. 

Building a unit with students : 

Psychologists tell us that students must have many ejtperiertws while learning 
before the ideas are meaningful to tliom as learners. How will they get tl«e,«j 
experiences 1 A normal unit approach may well start with the class and Iho teacher 
identifying some signilicant tpieBtionB. followed by the teacher and the sltidcnts 
selooting some problem for study. They may ask h.v what means will the prohlenw 
bo solved, with what materials, and how shall the rcsnlU ho cvalcatidt Then 
should follow a variety of experiences wcll-choscri to meet »jarifle ohjerHvrs. 
There should be opportunity for wide reading and finally n j ouUng of 
findings by pupils and teaoher alike with an ovaliiation of tlic total experience. 
Motivation for the unit aiiproaoh to teaching ncicneo should he easy if a tyachor 
begins with pupil interests and questions. When pupils open any iirohlnn area for 
inquiry, they usually begin with a aeries of cpiostious which ijosc diffcrctil parlw of 
the total problem. They may not have the scientific vocalmlary to states the prolilctu 
fully, but all important is tlie fact that thoj'’ are curious. They have asked 
questions, and you as their teaoher have the opportunity to help olianncl their 
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TTKIT AI^PHOAOB TO TIBACrHrNG SCIIBNOte 

qiic-efrjoDs into a problem ^hieh if Folved, becomcB tlio baBis for developing 

txnclc'r«tari<liiig« and generalisations. "Whaf a great responsibility a teacber bas I 

Pbo organisatton for a unit approach must be carefully considered by Ibe 
tcac-lier. It is He vbo writes tlicir tjucHtions in terms of larger problems to be 
solved. ITlicii lio must mabc an array of activities and oxperiencoe to bo used in 
ariHvexing the qnCBtiozis. Only those atitivifciea epoeifically applicable should be 
considered. JiotH Hhorfc-tinto and long-timo projects may develop. Available 
resatirccR ahottld bo utili'Acd, such as films, film strips, radio programs, field trips, 
and the uao of experts in the field as resource xxeople. In evaluations such questions 
may wcU be asked. iJo Htuclonts maintain a natural interest in the study 1 Do 
they employ good thinking in tho work. 1 Do they report matters aooviratoJy ? Do 
they utilize x»reviovi«ly Icutrncfl knowle<lgCi ? Do tliey arrive at goncrali^atlons from 
their t xijcricnces and do they apidy lbc*se genorahzationa in now situations 2 

irHuallj’ some high-inteircHfc level final activity rosnits from a vmit study. It 
may be Bhoving to parentn Bomc of the results of tho Hiudy. ‘Perhaps a play is 
■written and act<*d almut tUe endeavour, 'riie x-»rojccts could bo oxliibited at a soiencjo 
fair. 

A unit approach as described aluive sbould bo an advontxiro for both tho tcaolier 
and tlio stiidenta where both learn. One baa only to try it to find that niimorous 
reading, writing* and aritUmatlo sktlls ar« constantly, used. Mucli. subjeot matter is 
loamocl, not as un acovimulatiou of discroto facts, but in a s(4tting of meaningful 
cxi)oriejx«OB from wliich cavi bo dovelopetl understandings. 

OtJTLlNE FOR THE PREPARATION OF AN INSTRUCTfONAE UNIT 
I. Introduction : 

"Write two or three ai»proachoR to uso in creating and deepening an interest m 
studying tho topic. These approaches are to bo enriching experiences out of which 
questions and problems arise. 

IT Questions and Problems : 

State hero tho major qvicstions to bo ans-werod and tlio problems to bo solved. 
Suggest from six to twelve—not more. In aomo oases list two or three sub-queations, 
Number these main qucBlions 1, 2, 3, and so on. Then number the corresponding 
parts of III and X\ below accordingly. 

III. Aciiviftes and Experiments : 

Array the activities and experiments to be used in answering the questions and 
in solving the x>robloms listed in tl above. Include only activities Bpeoiflcally 
appropriate. Do not waste time or space making general stalemcnts such as, “show 
a film,*' or "take a field trip.” Number your activities and experiments as in IT 
above. 
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?K'*W<?OL, iisKlkHttCm 


IV, Content : 

tin* anBwt TiS* {«» fl^r »t*-l th* r? ^ tla* 

pres^xited iu If, alwi^o. Thls% snf«t*«»n »hc»9»l«l nf-Mp.i-'f <J r 3f.rtr-r'fS-*‘■|‘■^“l;n!rv:i8^^^•p^ 
nf thiR cmtcoiTicH f“f ine»tr*ir'ti«*n 'VUtr^t- «Kf~ ir '■■rs'r-‘\cm 

hoi>o the utiicienta will learti in ih*% j'twdy «»f ^r.t^s.ti' nn «ns«rS ns" 

oonccpU eliould Vk? numl>or»'cl w« in tl »nd til Ut,r »m^y r* f*T‘'9ir%-. 

V. Ci/ZwiVi^/i^/J^ At/ivitU‘S : 

The purpn»<5 of it culminniiinK vily §« t4Ti {‘♦r^r-t ‘.mn-*-- •' «f!K'tr4-<-3-?r ■< - >ti Sign h « 

etudenta will rcj-Dr^a-niyo Che? tf«?«ults <‘f fhenr Ktfj*:|> wrid ''«* ««it4 «i ii* *.*1 *^4 i mk r- 

etandiiijg;. It i« nlan to dft\cUix> ifc** apfirer'iftliren fnr ih** ?h«« «!. 

Any good unit sfii^AiId mi h'ant r*n|nsJnAt*w;: nr ilunt rn sjuht. tr- 

to doc‘j)eii an undertitaiKling of tltr ii»a.U?rml t t,r8*»id« r» *5 ijs ih«*' nntt tl«' * h»|» «n 

appreciation fur tlii» cfiiite nt, n»>. It rvlatew to <»lhrr » t*l ii«5?d i<r* tj*<* 4t i» - » h. Aat 

original jilay may bo A d«*iiionfctr«ti»»r» t^ i*” !>*• 

proaented. A &i>eeial iivlil trip ntay l>« planned. 11**? ensr-«* j’*r#W'n ft,ay St l*4*S nf 
tlvG findinga and tlion aaU**d to rnart l>y sharing tludr v>fet^li-ian rv-if^MreSirs m Ojh- r«mtS<T 
vpitK the claaK. 

VJ, Mew Questions : 

Sovoral quoationa Uial can logically bw oxi«*cl«nI t**- aH»*» out «*f a wtwdjk <»f tl»« 
unit aliould bo ijroaontcd Iierc*, Thl« i« very »fni»or«ft«t in »v«»hling: thtt r rii^Mr of 
aeaumlng that Hcicnco i« fixed -aomc'thing Im? fiif.*nM>rixt*r| nnd b-art^e 4 rxnrfly 
preaented. Lfc givea the M.i<dcutw experience anting a f+cieniinf ««■«.*•, Wt*en a 

aoientiat solves one jiroblom ha ftn,rl» ntlierw nvhich ho n jwib**n to t« ck fSifi*« H«sii 

■with Ilia I'OHOarc.hea, Tfii« raieing of now qiicationa f nablen the *■!JtKb'i** •* t** wee 
that Bolonoc is a rpiewt for kii«vh’dg<* in which new ari9Mc» out ir-f paAt 

rienoos, 

VH. Jlelationshijt to Other School Work : 

Stating one or fewo waya that the W'ork of thia nnil i« relatf d i<% *»«lser s ch«w.»l 
work helps the teaohor Timko luK tcaohing more functhmal. Thiw in t «fcrn SjeSyMt f he 
students gain a better command of their environment—-and e-c* they l^euome* nscurfs 
self-reliant. 

VII. Resources ; 

Xiisfc hero the resources tliat may b© used in Uathing tliiw ynji- 
tiona must bo apocifro for this particular vmit. They umy Include reft-rewfe brw kw 
for tGaohers, reforonoo books for atudente, mngnt&lne articles, fsJnm f»r iHm 

strips, spooial flold trips and tho names of people or inatltuUous that may be talhd 
upon for help. 

This artiolo has given suggestions for building a unit 'H itli fotudenta and £€<ir 
writing a unit prior to tcaohing. The writing ahead of time is an exeellcnt w ay for a 
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teacheT to pri-para fur ttnit icauhiug. A teacher may take a unit propared by some- 
r>n*‘ flue rtn<-l in bis planning adajjt the nnit to his particular teaching situation. 
Organiv.ing to teach along the lines suggested in tliis article ia an clFcctivo means 
F<»r a teacher L<> e hie gras]) of subject matter to bo taught and his ability to 

.help lii« Htiulc'nts gain an. \inderatanding, for the very process of ui-ganizatiou elvmi- 
ualfH much that in irrevfslant» atid omnihaHizes what is of most worth. 



Pl.AN ClF A TKA<‘fnNO 

K- K. SXNVVt 

Ti*/,/ net*sf 


I’laniiing & tt'acVnm luiU nu*' ir»f lU** nuf^AV imj^tvrl ai»»t 
any daesroorn tpaolier, Tlu‘ iTg^nniyalinn of a sinsS 

planning, logical <la\ flopnii jit f»f aiol iiiaUaitj,* ««««♦ >> f 

activities. It mii&t provide* fur IlrMltiliiy a*i<l od 

provide for inaxiniitni Irarnings and opprr-* i-. 5’ 

nicnt of tcacliing. It alioulfl t“W»p a nl tli*" 
the part of the atnderila and toftrhor?^. 


rt5(|i/i ?6<’M 1 - . ' f’lat 

■? . h 'Sh-I? ' « t i-Sirf ful 
,-a , 'S« Sdi i sfH fad 

pr- } * xfi* t» ■'■ it •*<( 

1 ,. i ■ d»'. 1' * j-«r 

iVi-t .«ii».5^ B >S '» s" ao s" »*!» 


Based on the lhait Appn»n*’h t<» » , msk fB-an.U n 

Teaching l^iiit for rlnas \'I i-e MiggotoU’il ff ?"■ .-I'd iliial 

tills should nt»t Vicvnine a righl frnnu* all uiui'. 'rio'i-n h« iS* -^dnidv and 

variation as nncl when needed 


Topic - Heat and liow If affpctv (Ulng% 
( Bevjd (dll'*?* I i 


/. Introduction 

A. Experiments : 

Burn a ihcec of paper by focussing sun r.w» on it by a « lei»H, 

Show tho bursting of a Imilooii HUod with air wluui k<"}d Tuoar #* ino f»r 
of lieat. 

B. Jdisoiiss the fireliminary experienis*® and jwi-sHilde oMti-***:-* liho i^ona*- <0! tli« 
following to ensure pupil parlicupalicni :— 

(a) Why one feels cold an a chuuly day in winter f 

(b) Why do you not tcniob glowing eirthers ( 

(o) Why is coal required to drive a railway engine ^ 

(d) Hov\' do we got fire for cooking t 

(o) Wh3’^ does the shade of treo olTer coolness tm a suininer day 

(f) Ho\v do wo know if one has fever ^ 

(g) How do w'O know w’hothor it is w armor «ir c'tKilcr f liaii 3 enletday or snuie 

other claj^ 1 

(h) Why is a clinical theruioinetor jerked before use* f 
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TT. fon.v and ProMems. 

Soirt<‘ of tlir- major problcrns and qiioafciona ^vUioli roiuain to be aiisworccl are ; — 

1, What is heat V 

*2. WJiat aro the HOurceH for boat ? 

M, ITr>u' fUioR lit‘at affeot thin^a 

A. What i.H hotness or tenix>eratiiro ? 

Ih Tfow tU^c^s it change voliimsa of ilungs ? 

TIow flocjs ib eliange solids to liquids or liqnid.s to gases or vioc=i-versa. 

4. ITow i« temxK'ratiirc measured ? Wliafc does a thermometer do ^ 

.7. I r<»\v do different theriiiomet(irn measure temperatiire ? * 

A. What does a thermometer ivieasaro “? 
fi, are the different scales of bliermomotors 

CV \\'hat arc fixed points ’ 

f). Wli^' <lo we use a clmica.l tUormometor to measure hody Icmporature ? 

HI. Aviivitics ami Pxpcrhnenfs to be used in ans^^'eriug questions and solving 
problems. 

I. I'leat is a form of energy—It has no weight 

(i) C'arefiiny countorjioiao a hob mctallio bob on the hoolc of a balance. 
Demonstrate that the balance remains count,erx>oiHCd oven after the bob 
KC‘tM cKJolecl. 

Cii) Deduce that heat is nob matter since it has no weight. It can do work 
a.'s illustrated by burning of cool iu a locomotive engine or petrol lu an 
automohilo. 

2 Heat comes from many sources 

(i) lloeall jirevious experiences of i-uipils regarding heat obtained from fuel, 
sun or olcobric heater etc. 

I'leat a metal rod red hot on fire. "Why shovild it not be touched ? 

(ii) Make children rub their i>alms and fool the warintli caused Itub a piece 
of stone on the floor and make children fool. Recall experiences of hot 
flour from grinding wdioafc in mills and other similar examples. 

(iii) Det children feel the warmth of a glowing olootrio bulb or the warmth of a 
wire connected to two terminals of a cell for a while. Recall experiences 
of oleobrio heater, stove or radiators etc 

(v) Add carefully a few drops of coxioonbrated sulphuric acid, in a beaker of 
water. Let the children feel the difference of temperature by touching 
the side of the beaker before and after. 

(v'i) Goiioentrate the sun-rays by a convex lens or concave mirror on the palm 
of a few students to feel the heat of the axixx-VExya. 





m 

3 * Mow hiUil if/frft ihtris\ 

A. Iltat expiunh ao/f»A, nuul 

(a} I )t*rtu»n«tr<it*J l4««U «**» »»»<■>.: 

C I’nc-Hfo S<»tirri‘ Hirw»k 1* 131 ' 


J 

} 

r 





(U) ViK outv otnl «*f a l‘ar or Hiiri|» »»n -i k ‘-f i.llnvr 

orul f>n a pc‘ii<-n kt*pl t*i» aii«»tli«T <»f‘ wcmhI 'JTm ii<« 

lix a atraw or jiJn t<» aot a iM»iiit<?r H*v»t fj|j» hji^r if» aJa-* MoioSiit*' i 
tho two m.vko i*(viltlri u <*>.plaint wl«y j o<or*'r 44it«l in 

Vk hat <lir«*fti(tiii ? l, I'lien’o 1* 131 t. 



(o) cioloiircMl \\atc*r In a liaitt li* or llai*U fiUotl witU « «-ot k atol w U»»*u KiAwH 

tvih© in fclic* cork. tvoni* Uio fln«4k in a i»nil of iir»> aatf-r. Why itl<»rs« t-li** 
^\■aLG^ ri«o i .Dfinfinstmtc* with MONi-rnl licpiitlH. <<)hj<t*r>t- s»n«l t»is;|>latn Lito* 
initial drop of h*\ol and tIuMt i-cintiimonn riHo **r li«pihl h^vt-J* * IJii**h«*o 
f^oiirce Hook P. 132). 

(d) Recall the }>ur8tinj:< of a hailouii oarlitT Fix a balltK^n cm 

the moutli of a large bottle ejr Hask. Warm tlie iJank eai^efully and 
observe the balloon. What liappuna on cooling ' 
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(<0 ONfajif t>rnjr liiibhlcs IVoiii a. flask fitted \\ith a> (sovlc «t\cI a piece of 

llio cfjieii end of which is dijijiocl in when it is ^^'aTnlcd 

< Unc'-'eo Sonrff M<»<tk P. 102). 

(fl I<<‘esll nxipU<*ationK of <*xpan.sinn and coiitvnction and disciiss the causes 
r»f : 

ft) S]jn<<* left hot\Nc*on rails. 

(il) h'ixlnj^ innlut tyres on otulen cart whoids. 

(iii) Spaeo left at the end of fjcirdors of bridges and buildings. 

(iv) nn<l c<»utrnclion of tolcgrai>h -wires in summer and winter 
rt‘siu*ctivoly, 

(v) l-Jiirsting of cycle tuis'K on suinmor ilays. 

(si) Oj enin^r of'lightl;^' corked Imttle by unrruing. 

(\ li) Why jihials aiul hottles are kept partially filled. 

(viii) lOxjiaiision and c*<mt-raetioii of liquids in thermometers. 

n. Heat causes in temperature. 

ui) First feel a llask or vessel with cold water. Warm it over a fire for a 
while anrl feel the cUiTerenee, Afldition of lieat has caused it to become 
u armor, 

(h) Heat a Ijall of metal on a lire- l>o nob touch Imt allow ohildron to feel its 
w’jurinth frf>m a slight distance. Then plunge it in a small vessel contain- 
ing some water. Is tlie metal ball still hot % AVhat has mado the water 
vA’armer i fAcJclifion of heat) Wliat has made the metal cooler ? (Loss of 
Heat), 






tio* 1I'*!*-J* ^ , |,«t ^ I 

tfUrf! 1^ trskssm'fl I *»f }if*al t*'* mW''^ l"f»'J3# fi \f'‘^^-^'iy ivi'i t -i>'- },..(&'*«- ?lis.'» 

mmo U‘fi:ij»*‘r^tiar«% 

l.U’ir«,U (-^wi»frit‘ii<-*'f% *-f '4 t‘ • t-<v •< w.!! 

or dritikit. VVKii-li jM,«im< h«'iM <*r Kri.aii *’ 

C, Heat causes chafig;^ af State 

(a) BefftJl familiar «*x«mi»U-j. *»f trw^htna* *»f ir-', in 

molting ttf wax ou wariulnja or r-vapomtioii *4 Tsiitr-r «>»i 3 s 

(b) Jlcat a pifccH* r»f ire* *‘ri a wii<l iJ<«' , l-Nirlhi^r 

beat to alu>w chan^Xc' frt’^m li<|tiii:| V» yn-r*-!** «s5a*«'. 

(c) Cool aoiiio nuiltcn wax tf» a vif^ac-l r *<• fr«ninii 

liqtud lo ^olbl ott viMiiling.. 

(<1) Allow Moitio #»U‘am U* C’«*in-lonHC‘ fr^iii f,h«* ni^nnt *4 lb*' ^.i lf k, li.f a 

\ ewhC'l fillet! itli «fol<l watt-r. \\"hy WA«*r c* 1!* rtn » #» ll,'«- ? 

W’lierf dttof* it ctniu* IVeMii i \Vlitti fliaiii-M- •t-'f tuttair- Jia^* «^4!L« i> * 

(e) licfall fxiH'riencea. if imy, tif iiiaii'ifat I uro -.fin** '’Kt»l3i rnalwi’*, 

of luoUeii iron frcmi founciriew, tH»li]|ali«^»n aiii^arritu^ * tr 

4 . T/iernionieiers measure re/nperature 

(a) Whow that flkin tfr Hcnw* of t4*iic*h in iii»t reliable in nw-a^oniru-; r.Uure 

by clipping oncOtand in warm water, <*th**r hand in wnf%r f«*r ^Msiiir 

time ivitd Uien tlipi>ing both hantla in lUe mnno pail of IwKt- %\aTin 

(d) Kxainino a. ihermoiuc'ter ^ IIh 1>u]i». Kteiti. Imre nml grii*rl»iiati*n»’'. 

"Dip tUo thermo I IK'ter it\ a Iwiiker of eedd vvai-c?r an«l <dfTt«.rii«' the of 

mercury when the Ijcaker in Klowly warined. I,» t pupiltH tbi* It-mia-riM 

tur© and uruleriitand that higher the riae, larger i*4 tb** <*f 

niorc'ury becauso of greater ri»o Cff f i»ii»iH‘ratiiri' and v 
(c) Lict iJLipils roaliao the value of the* <lt\ iwicni in rh^gror #« (2 1 ’ - .r» 

or .2” as the thermoinetc'r may imlleato). 

5 . How do (lijfferent thennorneters fttatsurc tempfruture i 

A. What dtJCH tlio Lhornioiiiotcr nieaHitro 'i 

(i) Take two vossoIb of equal ei«o containing unocjiial emtountH c»f n tiler (i»ne 
aay about HO gnis, and other way about li.liJ gma) J\U»amn*<^ fer'^raperattire af 
both. Add to oaoli an equal amout of hot water at tlit% jiamr^ teinjKTature 
and record, the tomi)oratox*e of niixturo in two oaaojt f V^^bat ia the auioiixit 
of beat sujxplied in oaeh case ? Why the theriuomefcerK reeotxl different 
temperatures "? 
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fli) Ilt.tl iHctivl Jiall t<» rcidiiiiss and plunge- il in a Ijig pail o-f svaCer 

t.t Jiiju-minrf* liii.s lioforo. INofco tlio rise of temperature 

tlu-n ht-at tliu name ball to u teinijoraturc of say J OO" and i>limgo it in ix 
fvtnail gla^H *>f \wtter in noto similarly tlJc riwc of temperaUiro in tins case, 
bit-h ?-h<»ws gr«‘al.«*r rise and whj*? 

H (' 

(i) SIiow fVutigrado ainl Fahrciihoit thennoinetora and let pninls coiniiare tbo 
Kfulew. I*et Iheni tlravv the Hoales on their iiolo books. 

(ii) ti'iti’juTa.tnre l>5' l>ot]i the types of thcrmoiue.tcrs wlicn kept m mel¬ 

ting ion aiitl in stK'ain. ICxphvin why these iemperatnro points in scale are 
eaih'tl lixi'':! points. 

(iii) MfUHiire tenipemturf“« of luimnri bod^'^, tap water, air, hot tea etc. separate¬ 
ly by t‘«eh 1 lioriijojiieter. 


(i) liJ't ohihlroii oxaniiuo the readings in a clinical tlierjnomoLor and observe 
any piuntliitr featuiu s about the boro and gra<luatioii. 

(ii) I ho hulh of an <iriUnac3' tluirmomotor bo placed in tbo mouth of a child 

(oc under tlu* arm pit) au«l after half a nnnnto lot the reading be taken, liy 
anotluT fluid while it is atill there then lake it onb and again note tho 
teinpc ral uro after a few Tuoinonts, WJiat is indicated'^ 

(lii) Kir»-t pluiuio the bull) of a oliiiioal thorinonictor in some tepid water at- a 
teiuperatun* tif eay I O 'I'licn withoitt jerking ib note tho tomiierature 

and tlip tl in eohl wat<‘r. I>o€}a it show any oliango of totnporaburo? 

'I'ln-n without jerking ib use ib for fintling tlio body Lomperaburo of a 
ehild an<l hvq if there is any cliango <»f temporaturo. 

Finally jerk the thermotnotcr each time before recording the tompor- 
abiirti of i*old water and tho body temiioratnro. Why thoro is a difforeiicc 
mivi- { 

Ijcb the iRiiJils note tho nioroury tliread carefully before and after 
jerking. JjoI the pupils also note that the scale used is Fahrenheit. 

I\'. Answers ro ques^torrs and solution of probicmsi — concepts 

Functional know ledge of facts, com . JJovclopancnt of Dovclopmcnt of 
ct'pbs & jn-inc*i|)lcs. skills appreciations & 

interest 


(i) float irt a kind of energy, 
(ii) It lias no weight. 


Sotting experiment Making a model of 
to test liypothoais steam turbine 
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(ill) AH tsi'H* ■ '.'« >ii -irrr tn « 

nia.it' <t.*f isii->si'-s« 

i-s . 

(iv) Ifr at * -'<n Iihw nvflwrl**' w»*rk 
2 Jteat c<mi» a 

(H {ii) hwriiinji iitii ■ *i*t 

rVu'^mrcal aelum #iv) r*lcjclri«~£fy 
tv) rri<!Ur»n. 


I us 

f% '.'t* I' i il ■ 


'•■'1)81 B « ■) J'lf tnSi 8 

»-'# ifftM 


3. Heat c.‘aufif“» eJianKm csf 
(i) Te^inperaturo 
(ii) Vnhuii«» 

(ili) Slato 


it.’i 'l-'Si*' r**^' e*f #‘js* 

S)r<'8n'l »'• 8t *”'4 »•»>"* 
»f«ti hf-' M^kif 
1f<* ,'!i.-i>r 


4. (i) Tvnipcrtitiiro indicft(ii*»« clirc-Cftiim i^r a #h*r 

of flow cif Uoat. 


(il) Boflioe at liiKlier ti'rniHvraturf' I’n8i««r*tt4ai»-<hii|p « 
munt IcjoHt' to oihc^r bodicw acHin 8«r tW 

at lower teniiwmturo till l«»lh e«»Mnt 
have Baino toinx’&ratwre. 


(iii) The exi>an«U)i) of a UquUi in a 
cluaed tuTje can Tjo nae<T to inooBurt* 
tomiie^i'at ii re. 


•>34.08 “-r of 

«<0.«’34 St* I8“<4 

o^'f t«pjn}nrra« 

S4*l»'*r" ""f i’*' 

p*«*'r*f3;> a }»*>/« ff*f 
fr«»B«8 ll-m 
W**S"'' Mrf«S*8«*5-^ -V«r 

* }«K*# r 

M >a t«*« iy I ** '■ 

* I t jVi tig rtt-r* 

V i:nu 

MaKsng. an i8ii|‘«r«.D 
viw8*iri tSif'-rfU*"' 

met^-r. 


IJ. (i) XliorinometcTB have dliterent 

settle oeufeistrado and Falirenlieit, 


Handling; 

m«>»mster 


the r 


(ii) AU tVioriuomet«r« need tixod Itc^odin^ the 

point4, to make a soalo. piTature of dif- 

foront sttlmtancc^is). 

(in) Toinporaturo of jucsltiug ice and 
boiling water are used as axed 

^ pointSv 


H* ■ ut: »r f i t *'•"»«* I r^i 

ttarir *«f air «.laily 
n*!t p'Mrt. eif wipsitls^-r 
nliwi-irv-s*», 
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A rli-Lfm** C't*ntitrmflo 

ran^<* i>r l^'jnpt^r- 
itf.nrc than Pnliri-nlir-iJ . 

'rJjf' flinic-ai f Ji-i'Tj'nf MiK’tor im n 
kintl rif f Iic>ri)UiMicifcor 
Kttiirf'iirheH 


Handling x^roporly 
and reading accu¬ 
rately tlio temper¬ 
ature of hiiTtian 
l*ody. 


Making and cali¬ 
brating a theriYio- 
meter. 

Kcexiing a grapbi- 
o.al record of fever 
during illness of 
any family 
jnember. 


W C'u/tnirsu/ tn^ aef ivi 

I . A flmiuatii' ni‘tiv\ty t*?m lit* t>rgn,ni7iC5cl in which pupils are as.somblod, spaced 
in a. sniid nnrl inr*\.i7ig to and fro one step in any dix*oc.tion to resemble* a solid 

siilmtaiirt'. 


* With thf conufiand of th«* teacher or hy sound of a music it 

may by assumed that more heat is added, to the body (of students). As a- 
ofiiiaeqiu'noy each ino^ OH. two stopK in each direction To make room the inipiU 
atiuul a fow stops apart h\it rotain tlie solid square shape, (This may represent tin* 
solid state >\ith fixed /<haj»o and volume an<l its expansion by heat) 

Again with anotlior command or the Kouud of music the pupils move further 
away not necPHptivrily rebainhig tho soUd square shax>o but all within each others roach 
and tnove jtiort! cjuickly^ (This may represent change to a liquid stale with doflnito 
vnliitncj nitiri* mobjli:* and with greater energy). 

Kjiially with furtlicr music or command the pupijs may scatter in an^' cJireotion 
and move any mimbcir of step^ inf>ro quickly. (This roproaents tlio gaseous state u-ith 
no tixed KhaiJC and vtdunit* and the greatest energy). 

riy a Herics of ordora the rovor.se typo of inovoments may be done to explain 
tlif> three kinds of changes brought by addition or reniov^al of heat 

Hy a sorit’8 of orders tho rovereo type of movements may be done to explain tlio 
three kinds of ohanges brought by addition or removal of heat. 

Xi. A visit to an iecvfaetory, distillery, iron founciry may be organi'/.<'d. 

3. A weather rtroord observatory could bo dovoloporl, and comiiariRon of tvu\~ 
Ijcrature x>f theltown with other citiee reported in newspnpora ooukl ho made. 

VI, New Questions 

1. Tjet jmpilfcj find \vh;v ice (colder than water) floats on it? 

2. Why is mercury commonly used in making tlicrmoTneteiH'^ 
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MtlifU. M IBH» t 


H Win Uii'rmniiieWw for iHf ftMirina wiathtr in* rtl<itS.(4- 
L Why in 8Rlt (Mldetl t«t iw whi'ti itinkina iif-rri"a»Ji *>r '‘knlii w-jl-n 
o. Why in extreme junnmm it is diflu’nll t<» n ritt>J f«nrr' 

(J. Why (iota n«it he kept eovtwl witli jute nr hl.snket ne H * a ili ' 

7, Why cloM the wwden hantlle of a ajinh* nnl a)tiM*«r * «'M tiif 

metal blade doen, though both am at the wme tem|K*ralnr<" 

VII. Relationship with other school work 

1. Uelate with teaching of weather in rJedurMidiy, 

2. Uelatc) matheniaticK with eotiteraion (if ataien and drawing •! nf 

tonil'erature ehangca of the town. 

ilclalc teaching of i-raft with making of iiKclel* (•(.nm etn.l wiJlt Oti* 


VIII. Resources: 



Uiiosoo' 

.Source Hook ofiScicnee Tcarhiu-i 

t'h xni 

Lemming 

.Science. K.\iierinirnt« l\. 

(Ml IV 

IMougli & H ugget 

Klcnientary School .Scientc .t How (o lia. h it 

{‘.III tv 

Frasier &. Othcra 

Singer Series Science KviKTinicnts. 

l'1< 22.". 2 

Jrarburg(!r & Holfmnn 

I’hysicK of oiir TinicH 

t'l* in.. 2 

N. S'. T. A. 

Seiciiet^ 'I’eacliing Totlay- Fnela ninl Fire 

\.l. ftl 

iSoniB iSiiggcBtcd Films; 




1. KnwnoH & hucls Tlu' Two .Stroke Miikiiu* {liiiri}wh-.''lirllj 

2. Nature of Knergy (Conmi'l) 

3. Fuels and llcat (K.H.F.) 


It 


2 ^> tutir*. 

JH H.illrt 

I I »Hiu*l. 



Science Abroad 

S( KJ>r(JATJON IN THE SOVIET SCHOOL 

RAJA ROY SINGH^ 

tif hducaihni^ Governnteni of In^ia^ I^ew I>€Jhi 

Furitwil cflui-at ion of tlif Snvi(*l oliiltl Ijoginn at the ago of woven and is otnniml- 
Kor\ for tin* t lnfiHt's. I'Uildrtni who liftvo pawnocl their seventh birthday^ 

on ftr fifb-ri- Sejdt-711 btr I, art‘ adiiiiltotl fi» the fiint grade. Education at all stages ih 
free liiirl iver#Uieat joiml. 

rjn* Ilt*-.!** st r*u;t »U‘<! of a of general ediicatjou is 11 yeai's (lO years till 

the r**organii*nUoii rtl JU-IMJ. It {'‘niiUiiiiH nil clnsMos from J to X (now to l>o oxtcmlod 
to XU in one fMtabliHbnieiit and mider a single a<bniuislrative oonLrnl. An H-yeur 
sohriiil mi 'iiU'oin|deie M*e<Mitlary seluM>r,evei» though it is the terminal point of the 
period of uru\ i*r''ul ecotitndwiry edneation and funetions as a single cstahlishnunt 
ej>v enng all eln-^Hos from I to VIH. The remote ami sparsidy inhaVnted oreas art‘ 
*»orv od liy t'ar sehcMtls eontainiug tlie iirhnary grades T to IV. From the point of 
\ lew of •^Iruclure, there are* therefore, UiToe types of sehools of general education— 
4'.\ear h<i<»U, M-\ear KelnmiH, and etiiiiplete secondary schools. Tin' curriculum is 

rnneeh i*fl as n whole for a eom[)h‘le Hoeondary school, hut there ivS a distinct divi¬ 
sion between elas« \'IIl and tdass IX, nuuking out the 1—H year iirogramme as a 
Helf-suftie lent iiTiit. The. division between cda.s8 JV and clasH V, however, is no 
nu»iv (Iifin a natural grufhiiifui from one class to another. Though tlic {Soviet jjcda- 
g<#gi<Til literature refers to 'jirimiiry stage of nducatioA and grades,’ in 

prneliee 1 1 plus ru' ItJ plus is not looked njiun as a sharjily dividing lino between 
two jihivses of the ehiltl’s mental growth. With the aoccx>tance of a unilied school 
as tile basil’ pattern, merely striietural ohauges have been very nuieh Ioh.s in tho 
US»SH (hail elrti^wJiere. Tlu.s ‘structurar stability in a x>eriod of rai)id exx)ansion 
luiH heeji a (ilstinet advantage. 

The mHiouI yi'ur throughout tho country commences on Heptemher 1. The 
scfwdid year for tdaKHos I to VI It is divhled into four iorms, and for classes IX to 
XI into two semesterH, There are six full working daj's in a week, and III- working 
weeks ill a year for fdasscH I to 111 and wooks for obhei’ clasHOH. 


Shri Raja Roy Singh, Joint tducalional Adviser, led a delegation of Indian Educators lo 
the U. S. S. R. during the fall of 196K This article is adapted from his report Education iu the 
Soviet Uriion^ Government of India, 1962. 
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TVift »*i«f , - 'ns* > 

wVvf*^Ce VttrittiimiiK j»*»rrni?e-i1»l«^ tc* »«5ni I'*t^I <'if" ‘‘■V' '* '■* ’ iu^^lwS 

l-lt»vR autl jaurl**. ftillnH tlit* lurrn AH .^juK^r * i •.. ur» > '-34i3'"«^r«-<-r j. ,4itit»l 

ihoro are ii<» ciptionalR Th** ■rurJf’ir'U Ui»m w»i t*. 4>i'< * mi .s^" «!50«'r« u« 

stages tif de\ olnpinent, tliv K nr***. !*. <M« 

mtist offer in <ii‘<li*r tlial nueaningfiil learning tM*4\ *••1 Kjj-o i» 

ding to f>o\’ic'i vie'sv, is m tvu*l r»'‘i»r«-"''t'nl*’ *1*’* Sl■"■l'< '<f * “f i" s^sixi 

practico. Mej»n5ngfiil U^ftrniiig ean t.lt«*r»*f*»ro tak* H r*-i«:'i. *11 I*'.o»,»fra 

at-quisit uiri t»f svsteinntic 1 »irri* *»lii*je< s- -» r fe H'lr* - i r* aV « t Hia "* 

liftftic eouee^it 

Whilo tlu? cnrrio\ihiM« i»» 4U’wiuii«**li tt> *»» i fortk «l/-« ••IvsU - .*9*4 kT4‘"%* j}» 

whioU Hliotiltl be neqnirecl b\ iIk* |iiipil*i nt tliffi'c* <«l iw »•"Hi--" »r.« .1 , .» irtt:,itik 

covering tlu* (•uiii]jU!(«* Ht'<*onclnr^\ frcm* I t«* ilen,- X f 'I'btr- « •* .Stowe 

articulation to lie a<'liic>t‘«l <lkfT4'r<'i9t « > * b >■■ «»r tKn »-kjirm* ibS .<*#» Xb«' 

'unifiotl curncMilutti' is lliii>« n*ii oiil> a rurnt iituin .dTi rintf thi' « u 

of knowleclgo and skills Init «Ih<b on** wliieh b'iihiutbo’* n preiver », * *•! n 


i?nucArroN in ruf phjmar'v 


At the i«riinar>' stag^- the main i\rs f»r e|tti«wr»w»«ji sar« «!« J»#»ii »ll 

as cqvilpiiiug the eluhl a itli elementary litorae.v in the fit Idf. t.f r*'*i4i8«tf i^irBtinfi; wml 
aritUmeLic—teaching the ehild t<* re««l nr//. In %irite c«.*rrrrr/r. handh> fhi fnnr 
arithmetical funetions and Kt-ilve sintpU* prt»hleias . <*reatinsi ait eh*inettt ar> 4 m<h r 
standing of nature, of Hoeial jihem»nieiitt, and cif th<* «*‘hjekt'uienl^ t»r the Sic*\ ie» 
liooplc, cU vtdoiijjig thought niicl speech, preparing the children ft.r hat* r t4 

tJi© fundamenlalH of seieiiec* aiul payeUoh»gienlly orienlijig them to h.\#‘ of' 3«h»*ii8r 


in classes 1 to IV the basi,- mibjeeta am. ItiiHsiriti i»Ardhanefn. HtMcjrv 
and Nature Stucly (jutro<luc4«d in elaaft l\'). r)rauiiig. ?V{n««»e ami rUv-^ia^-U 

Oulture, Craft work and soeiall.v nm-ful wcn-k (introdnet^d »fi ehex,,., } f I » tJ^i 

sohools of the national ru|)uhHc*H (non-ItiisMian language' itr»*aT»h fhe* iialaii*- langiratge 
takes the place of lluHKinn ns liie lirst language and Utiswian is {ntre^dnr* d «« '^c-cond 
language in class II. 


The Qllooation of time m linnHian language seduad** in these four eJasses 
shown in table ] . 
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Allocution of Time in Classes I- -IV 

T4>tal per week 


1 Ola! Nlto i*( Jichool iunirv per week 

24 

24 

26 

29 

103 

C'liA'i**, 

. 

11 

III 

IV 


St4hj(c:'i'f : 

Russx.m hmsieastc 

!2 

12 

12 

lO 

46 

Ariihfnclic 

6 

6 

6 

6 

24 





2 

2 

Nulurc SutUy 

... 



3 

3 

Lirawing 

1 

1 

1 

X 

4 

Mnnic •%. Sinstes 

1 

1 

1 

1 

4 

Culeurt* 

2 

2 

2 

2 

8 

t.ubour friMructioti 

2 

2 

2 

2 

a 


Sucinlly ui^cTul work ... ... 2 2 4 

I DUCArruN fN THE ELEMENTARY GRADES 

Thi‘ «4il»x of the c*<»utHeH i« to protluce who are fully iitcrat.e iii tht 

hroatlt'Ml HiUtHO *>f tlu.* wt»r<l aotl for thin puri^xoao to eini)haBirto greater pi'ociHloii ir 
fui;ti*ut ttn*I int»th<»rlK of iuHtruction. TCnowloclgc of the sciei\tific laws that gov'ori 
external reality, of the Uvwm of tVie evolution of society tuust be an eaflential part o 
the pnpil*M mental ocptipmcnt. 

In claMHOM V to VIH. the basic subjects arc RuHsian language (or the laiiguag 
cif the iialictnul Hejuiblie in aiUlitiou to ItuMsian language), Ruflaian (or nationa 
languaKo) literature (which is introilnee<l in claas V), Mathomatica, History of th 
C.S.S.M., tJeography ami l^iology (iiitrodueotl in class V), Teobnical T>rawin; 
introtliieerl in i-Ja«rt Vll), one foreign language (introduced in. clasB V), Hi'avving (5 
classes V to Vlf only). Music and singing, Rhysioal Culture, Craft and Maohino wor 
and Mocially useful labour, fn addition pupils of classes V to VII give 3 80 hour 
in u year to ‘»oclialf^' useful x>*^«^otice’. 

Tn the national HopviblicM, three languages arc taught during the V to VII 
year eyole, the native langua;ge and literature, Russian and a foreign langua^ 
(Table II). 
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TAHL.K If 


The ttllocntion of school time in a 
Toial weekly Iiouta 


Class 


X'lk il 

\ \ I 


•sthrifti if't 


K4 


V !i 


\ \ III 

l ' - I r- ' ' ■ 

s a i 

^ III 


Su/^cct : 

Rus'ilan E..nnguagc 
Russian liieraturo 
MaihemaO'ca 

History and ConstUulior* of U.S.S.R* 

Geography 

Biology 

Physics 

Chemistry 

Technical Orawing 

Foreign language 

Drawing 

Music and Singing 
Physical Culture 

Labour Instruction in School workshop 
Socially useful work 


4 

1 

I 






t 

1. 

8 

I 




9 


I 

i 

t 


I 


y> 

i 

A 

4 

ft 

I 


An anal.VMi« of the allucatUni of the it* th» * « l.i- .i *. 

I to VIIT (com^ulaocy ocUu‘tttio8i n^o*ur<»ui») n nj» jmh*-a8 *‘Ha. *< l tK» »Uv«rTh4* 

tioii of finphaHiP in tlio ourritniUim. Ttio ittlHl in-»lr«»-li-*onl Ij»rjs ijisi n j. - .ir «*o « 
olaaaoH (8ttll UnurH) in (llwlrilnitoti O'* : 


Cicnoral Hchool mihjectK tllSltl lionr^H 

Tjabour training ancl socially nsefnl 

Avork 

Phj'Hioal cultnro, IVTu«ic an<l 

IJra-svin^ U»U7 lioiir'' 

The time allocaterl for Roncral Kchnol Kuhjori'* UUhfl 
distribution : 

Jjanguaftc f<rtjux» 

Mathomatios & eoiontiflc* tcchnicivl Hubjectn 
>ti s to ry-Geography 


r «lit 

1.1 zi I** r «« III 

11 ! .H |“« r 1 <-Jit 
.T>hi»u •! I isf iiij^ 

4H,;» jw i‘ f < lit 

•lf» /i jM -r * t III 
I I f* j«”r « 


CURRICULUM IN THE SE^CONDARY CSRADrS 

The aims of socoudary eclucatioii are' flntliicd in Kif jIn- nf the 

national economy. On the one hand tho Hcetnulary se‘lm«»J »*dii« Jtl*- \ inmisf 

Ijooplo comi>rohenaivt!ly in tKo fnndainentals of Kck-Uf CH and jjix t* llmni a hftn 
grounding for the later task of research and xireparatUnl of fspccialit^tw iit nt Ixiok 

of higher learning. On the other iiatirl it muat ‘ train a worker who would mjiidly 
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flu* mml nir*tlnntl‘' r>£“ \\orlc in tlie conditions of intograiod. moolia/niflation 

aii«l autf»ii“nt i»n». Tt tin* <*rvnvi(^fii»n of Kovict ocluoators tlmt vocatioi^al training 
tliiMiigli jartt til n^ \«t.»rk and *iMT*<iMt*iu*c* and svHtCMnntir atiidy’ of fnndainontnl tliro- 
^ nrt” c onllictiitg aiiiiK l>ut tliat t)u‘y art‘ iniitimlly roiiiforoiiig and 

Kr <'rl offrctiN nl\- Ml <)im(>li4»n. 

a anf ifil jM»rti«»T» of t|»r* mdioot time in the cnrrictilum of the* IngUor 

of t g»\ tni t<» practical productive* work, there is a greater 

in€*u.'4iire m 1 dirfi-n titintion for tlie iirlian and the rural ae-lujolM than at any otlver 
iKtiigi'. 'T"1»4' j<iihjc»etH in hoth tyjies of schools are. Uc>vever tlic“ same., 

Til ITC t«» I llu* school Kuhjccts art; J,<itcrature. Malhematrius, 1-Tistor.y, 

(it 111 n Ml f»r tin* t' S,Sdl. (in class XI only), Oliemintr^’’, Tiiology and '^Fc'chnic'al 
limning (in IX onl\ ). foreign language, and pliysicnl culture 

In the* nrimji serondnr.v seliook f 

I*er neeU. In the* roml seeondarx school, it takes tJio form of ilicrirelical and 
|«r«e(ienl nork in ngrieidl itre. 

An i III t“rest ing iiuiovatioij in the* revised curriculum is an allotment of In o 
JUT iveck for hijitiorml suhject'. This is to enal7]c t3ie inipil to jnalce a tlcei>er 
hliidy of any siibjet t of his ehtiiecs in t ho ciirrlcuUnn. It ehould not be* Hurprining if in 
the years to i-oine. iiiol j arliculivrly nv hen the duration of wooouclary eduoaikm is 
c'xtended to t \v l'l^ e years, more time is allottoil for 'c>i>tional hIucIich’ since the 
rlei tee i-x a (‘on\<'iiic*nt iiit'tms for gi\ ing to Ihc talentoil puiiil more time to tlcvelop 
their spot inlities. It also heli»H iht* liaclcMard to make ufi iu the diiTleidt 

suhjects. 

TAIitiK II I 


Distribution of school timo for Classes IX-XI in an urban secondary school. 


(liusKiivn Itiiigiiage 

Total weekly hours 

.MoJiool) 

38 

38 

38 

Total 
1 14 

CKiss 

IX 

X 

XI 


Subjects : 

JLitcraiure 

3 

3 

3 

9 

Maihcmatics 

4 

4 

4 

12 

History 

2 

3 

4 

9 

Constitution of the U.S.S.H, 



2 

2 

Economic CJcogniphy 


2 

2 

4 

Physics 

4 

4 

2 

10 

Astronomy 


1 


1 

Chcmislry 

2 

3 

2 

7 

U[olog;y 

3 



3 

Xcchm’cal Orawing 

2 

... 

... 

2 

Porcign language 

2 

2 

3 

7 

Physical culture 

2 

2 

2 

6 

General Technical Subjects and Production Work. 

12 

12 

12 

36 

Optional subjects 

2 

2 

2 

6 
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m 
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(Table IVj. 




TAtibK (V 


jDl^rrlbutJan of time fiw » rwfol «v-tott4flps 
(Double *ri a •' bi'. * moli*-***’ »* •( t ■>. a'' . j* - > *. . 


Total Vrtifokly hoar* 

C\a^ 

Subjet:ts.\ 

Liieralure 

Mathematicft 

HUtory 

Conathution of U^S.S.R.. 

Economic Cleoffmphy 

Pbyaics 

/Astronomy 

Chemistry 

Biolofty 

Technical Drawinjr 
Foreign language 
Physical Culture 

Boses oC Agricultural Production and Pracitcnl iaikiru4.tt<m 
Optional Subjects 


VI 


a 

» 3 
x 


l'v.i u| 


D 

M 5 

n 

‘t 

l ? 5 

-S S 
4 

2 ^ 
U 
? 

4ia 

#; 


iProcluetiec' work in the farrue jw. |iix«'rl *i< • ii* %b«' «• .» .»«t .4. 

64 clayH ((i hnucH jH*r day) in a v«*«r r«»r IX sn-l \ ■' b , 4 *^ 1 ! Ih ii;bi\ ** fr*r 

olan.4 XI, 


Tbo suh 30 C‘t*^'’iat' allfx'ation of time in a rural h«K*I S'* bx iMrjf.’A-r than 

in ati urban Hohool. Tliiw, however. W rn*l if II**' b.r sb- "i b«**d vsar «rt* 

corapated. Thu pupils of a rural aeViool utolvj iiik<* pr^*4u« t s 4 * rk **u ♦ !#■ f^i-rm 

cluriuK agricultural seaHona, whirli cutn int«* >.vlu*<*I fliios* to .aa.joo * ns In romi 
school tho total yearly JvourH for Mchool Kiibjin t"* is iJJJUlf J.TDJ! to an 

urban flohool. In euverin^ the wurm* t»f tlu* hirtt chr»'*^ «* «/.ToL»ri ' m. .* *or^l 

gets slightly IcMH school time than nn urban pupil in tsft=4t5t» iiu.*ti. «. 

stitution of tlip U.S.H.K., I*Uy«icfl, AMtrom»iu>, Chemistry , Tr-.bi*i*4d 
Physical Culture; he gets more time in hb'ontuiii*', <«e(tgf#<ph> , IDr*!**^*. ^isrid 

Poroign language. 

The total school year otivera 4^l»U8 hciura f‘<iiropth*nl sAtibj* ti-* San ri*r**l m^hriwd 
184 Ivoui-B). Of tlMB 2,712 hours (00.0%) art* alU.llea to h.-Iuk.) «iul 1,:»»« 

hours (39.4%) to theoretical and praotical instruction tjf j«>K t^^chiii.^at cjmrattcr. 
The time allotted for general sohuol suhjocts (2,712 hours) '<(><■«». the f.illowing 
distribution: 
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»iiT-ral^nr?* hsfleri’Otjp 

t i <'(>ti:»titittiitn 

l*li> foifc 4i f Nittniri- 

M n f lii'inat -ainj 'T^-t'hriical 

SCtt=NCr IM THE SECONI>ARY GRADES 


22.1 per cenb 
20 .4. ,, 

4t).2 j, 


Tin* ffU‘li»»*\ i‘HK*ntH <»f Sovioi Heiei\oc have ftc*r\'ccl to focxis 

arifaitiini **ii Un* «,%. of wci^ tire orlucation in the U.8.?^.R XTnflouT)tedIy, the 

Hy?»t4’tit riT (Hlviratittii in t-he scIkioIs han lairl the firiti foiiiiflatuniH on wliiohtUe 

luiLlutr unul nnivt'ri«itU‘H have been aV)lc to build a hif^hly K>)oc.ialiaed 

wtrurt lire t»f V kn»»\\ Irdj^o atiil retioaroh, but it inay alao be poiutod out that 

(In* nlijortivif-H of tr*n<*lkinji >.oi»*nc*r in tin' kcUooIh arc not c<)iiocivecL solely in fcornis of 
J'ufjir** j«r*‘f»n, ml loii »»r *i. Tlic\' aim on the one hand» at c‘ulti\-atin^ in the 

piiliilK H ifi»* \ i»*\i t*r the ohi€‘ctive world aa an o»sci\tial aid to a materialiHtic 

intt*r|»rc*f»il ion <»f rt'ality. an<l on the* «»fhor, at ^)roino1.ing an uiuli*rKtanding of jirinci- 
plc‘H Miitc-fi iindcrlif* tli<* iiinttern mofU‘« of i>roduction ho that they may partici^iate 
intalliji^f'ritl^i in tin* pmre-*He« of production. Ah an instrument for forming a view of 
th<' c'^^tcrnal ri-alil>'. Hcifiier in equatocl in importance with 'wociai KeleneoK’, tiio 
pi’inetidcH »if tlic fctruuT show the laws governing nature, aiul the lawn of social 
w«i<*nc‘vHi disrlcmi* Koi'iidy woIvoh in iiitor-actiun vviili nature. The rtdation of 

Holunee w itli Hit* rn<»rlerii nuiilcs of production giv’cs to the teaching of weioneo an 
imniudiHle practical cclt'V'ancc an<l to laboratory an<l applied work a weightier 

G»] npliaHiN.^ 


Ofsiiceial I'lrix^ortaiiec to an apx»minein<‘nt of Hoience eilucation in the schools of 
the ll.S.SS. H. the proKramme of cmt-of-school activities, Science education, is the 
Slim total of clan** iiiatrutTtion and the Btimulation to Hcicntihe talent 
through the‘(hrelcH", ^Stations’, ‘t^ionocr’s l^alacew’, etc. 

Til tJio tdghfc-.vear Mcdiool programme, 24-hours per Avoek are given to scientific 
BubjeetH out of a total of 2H8 hcKooI hours in a week, and in grades TX to XI 21 
liouTH init of a, total of I 10. The programme of scionce education is, howover, 
X>OM,crfully reinforced by the aclcnfcifio orientation of polyteohnioal ociucation. 

In grriidcfei I to Iltj language loBHonH carry a BXibatantial olomont relating to 
inroriTialion iilnnit plant and animal life. This is Hysboinatised in a caurso on iiabviie 
situly wldcJi i« iniro<iu('cd in grade FV. Iformcrly this was an olomeiitary course in 
ijit>higy but the new oiirricuhim lias broadened and roorganised it into a course of 
natui*o Btu^ly. The objectives of tUo courao are, *‘to show connections between 
difTerent eieirieiits of nature -whiob are unclearstandable to fourtli grade jiupila, to 
acquaint ilu* «*liildren. w ith manV use of nature in the i»rocess of labour, with the life 
around them, w it-li tlie i>raotieo of oommnnist coiustruction on the basis of the exten¬ 
sive ai»pli<iatioii of tlia princqiL© of regional studios”. Tlio course covers observatioirB 



B 2 S4^‘z«aotp 

of aeaHowal pht‘iu»int*n,a. fetvnK <»f tin* vif$rk <»f lik? -I i i< Sitn 

l»r«tHMrt'u‘w tkf M.at«’r, air utul ^ft riaftn miti«‘»al- 

Biology 

Ru»U>gy iM iti y;*"®*^** l«» l}#*- •'Md *Bft ^ S 1 X 'T ah. 

school hovirw per \i rt^k «ri‘ k»'-** ^ *** I3,s-* So-ay-* sa» urA*\tm 

IX (in rural areas, four lu»ur».> 

TKc 5 ccivirse ui biology ctauaiwts of four KeK‘t«>r«ti«t arraiujay *! a*» t- i , 

^.oology ; atiatoiuy : tdiy^fiologv «nrl hygi»“My . (<**} jj''j»* »« 4 kS Ka*oi * 44 % 

TKe ohjtu'llvcK of the cnuiriw ar** a** 

**(a) to give pupllH u «s .Mfccuutti*' k*»»»<* hsljir* m ha^i* « m cad f». r * at s 

aignUicanre* in agritniUtiro. iti author l*raiu.h«»'* »»* th»‘ ,'<~!. 4 ni.«-?»«% 

in tho liualth Mcr% ivo>* ; 

(Ij) to teach jnipil tlu» ’skills ntui hahil-Hid so •. on l.h»» 

nature otiruor. <m IU«‘expiTUuosital ».adi«K»l *. and rt3*“» 4 »« Uois, 

devoting spoeiul uttentiairi lai cxinTiiiK-'iital \vf»rk a.I su the 

ocononiio lieUl ; 

(o) L« iuKtil in the pupils a rnatormUstie t«lf* 4 »h*gv . ta* lav har*’ lh»’ r* ael 
cmseuco of religion, the luvriit eauurd l»> »«ulisost asnal j»re^tsa-hi ,• 

(d) to <iov©loi» olnUlren astil uduli'ficeniM a J{»v»« for s»ator«-. a dc'^ori* t»» 
actively aafeguarcl nature an«l to iiu rea-M^ »i<» wealth ' 

The oourno in i>otany i« stviclit^cl in grade V asul tlie hra«t three •rgniAirtei % **1 
VE. Pux>il« are taught oleni<*ntary know lege* of tl»e Aitruetore. Jjf«*. d «'4 «ss«i 

variety of plants and their significance to the »mth*Tsal 5 , ‘rte*" rniii'tstu* of 

green leaves and the inter-relation hetwci-n green i^latiin and living Aninnsl orgaiin^iMi# 
are ex^Jlaiued, Iix grade V, nearly half the tottd tifue n- given to i«ra(ti«'al work anti 
demoustration including exeursUms, 

3n greCdo VI various tyiies of cwltivateil ainl elect.rative jdunt*. are sHnilied, 
potato, cabbage, wlioat, apple tree, lichen fern, cle. An intro.Un Inm given to th« 
biological basis for breeding agricultural plants w hich provi*te « the i^unt for 

studying the life and work of l‘i,V. Miohnrin. The e<»nr«e alsu. e«*v «‘rH eons^t^rvatiun 
of the the U.H.iS.It. and the general dev citjxnncnt <.if {.(ants oi» earth. 

In autumn and aijring, inipils carry cm x>taetic‘Hl work in the selnml cxj.ernticnlal jdot 
and take part in coninuinLty BcrviccB such uh i>lanting trees in pitblu 

Elementary xoology is introduced in the last quarter of grade V" I and in gradus 

VII. The course is designed to explain the structure and historical dev elox»i»ent a£ 
animals, Jiow tliey conforni to thefr environiiiCiit aud the niivdea of adax^atlon and 



KtJtrcATioK xlx tb:ks sotikt Sottoot-d 

Iiou flit" rtiiinml kiD^floTU f^f with its variety of forms came into being. Coin- 

»ith f^tu4y of iini<*t‘lUilar aitinials, the course covei'H Uyrtva, Monns, 

Uh.-ir <»fi aKt“ie«lture aiul health), fiah (and how are important 

for the eer*iu»?«> of the rifiimtr\ ), reptilea. and closes with mammals. Tlie topics are 
related ti» experiiiunttal niitl praetienl farming or to the national economy. 

Ill jirathi N'lll, Uu» eouri«‘. covers ‘The structure and r,ifc‘ of the. Human 
()rgani«>ni/ iiu Ludiny; eh*inont» of jicTMonal and aooial liygionc, PiijiiJ.s are gi\ en an 
e^:iHisiti(in of tin* Htriietur** of the human organism, colls, bones, muscles, bisHues and 
rehc'xe-* *rh»‘v study tin* process of mctaholmm in tlie human organism, the nervous 
K\ «<tc»r»i and iIjo fiioetifiri and hygiene of various organs The contribution of Kusyian 
ireicuii iflit** ami |»arf i«*iilar^‘ I^^nvlov is oxxilained. Tho course cloaes with an. olomentrry 
exiit»rtitum i\lirn>t f h«fl •»rigin of man and relates it to what the impils wouhl have 
h*ftrnt earlier «In»iit the evolution of the jilant and animal kingdoms. The i>ractioal 
w»»rk «if disHi*vtion t»f animal organs an<l their iilentification. 

TItf l«tt«l «*«iursi« in biology in grades V to VHI provides tho foundation for a 
Unowleibjn* of giuterul liiidogioal oonoopts which are introduoccl in C4rttdeTX. Tho 
enurHe ui grade IX is Inrsed on the prlnoijdoB of IDarwinism -with evolution as tlio 
niain tlieine If nm i'r«* organisms and evironmont, their intor-re-lation and modes of 
adaptuiioii, riili<>ritattee and variability, artiftoial selection, tho origin, of spociuH and 
the* eontribiitlofiH <»f oertairi sotontists. (Darwin, Michurin and Timiryazev). Tho 
coiiehiding tTu-me i« tlic urigiti and evolution of life on earth, with referenoe to plant 
and cuitnal (ifu and mail. 

Phy:eics 

'^IMie study €.>f physics is Introducod in grade VT and continued through grade 
XI- In the reorganisod curriculum more time is allotod to the subjoot than before, 
Physics nrul chernJstm’ nre* considered fundamental subjects in relation to pol.v- 
tochnical education, and a substantial port of polytoohnioal education i.s an exten¬ 
sion of xirivetioal and appHecl work in physics and chemistry We formed tlie 
imx)re«Miun that morn research work in the methodological aspect.'? of teaoliiug 
physics and chvniiatry »» being done at any tim«< in the various Pedagogical Insti¬ 
tute's than on any other euhject. 

In grades VI to VltX. 7 school Hours a week arc allocated for physios and 10 
in grades I X to XI. The objectives of teaching physios are stated as, 

*■ ‘enabling pupils to understand the baaio principles of moohanios, sound, 
heat, electricity, magnetism, light and. atomic structure, 

♦“helidng them to see these principles at work in industrial processes, and 
preparing lliern ft>r future x>ractioal activity and vocation and. in serving the goals of 
communist society. 
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lik^fooi. mrtmsfirv. 


***fc»riminf« a Kf-lr^nl ifl-c* \i<>rj*l % icw «r**l l? 4 > tr* Sn-'j'*’' ~ | r-* 3 ” >•'!’'w - 

fiVtpcTfltitlonrt, 

♦‘‘oiittt-bUKh'mji tV»»* <'<*n nr-t't i»»t» iH-l ■» -n?**! m/^ s# 1 ,5 ,•.- !»?«'?.■<»> 

oaX law^ liiKl tUc*ir a.pjilioal imti, 

*‘*os<t-abU»hi'nK intor-r€*lj4tit»iit«l4i|* l»«*l x«Jv» 

and tbfir varinticatM. l'ii{ii)** li-arii unit*- -.f • --.sj. - , ^4 

Icngbli, «.t<>a, miiWMH, furre, Tliirt.y li*-*ur-» nr**- all'K'Wtf'ti pr--li'»<«(r «<A 

fluid atid jt£\«c*c:ui.s liiKliuti. Iitf r<»d'in*li«»n !<» Ifii«* »«.tt' 4 i* t<^k* *•' 4 saf»d 

meohnanU*}\l nu>tirm 10 hmtrH, fc»\eririij tnitfoarru -4^ » 4 .,f ^trgflkhl^id 

motion, the inortia nf lH>dit‘« and nr*' tr, t'sir crip', m-mi 

ojccuraiona. Tlio x»iipilH t*-* «*«*» 3-t b’ ^ 

caliporw, otc., tlotcrinlriftt mn of tiu* a «»luiu«» ♦'•f <• 4*1111* --it b-i:-'. it »ir><“>,■ isf 

prosauro an<l pfo»«uiv t»r harrl IickIu*-* t»n «M|»|w*rf , *»if br«* , b sr.afti* t*f‘r. 

lo\'c*ra, jiuHoyp., air and aater {lunipt*. 

In jprado VVC, 117 liotira «r«* j^iviui t«» rs'u*«*!*rtui# J 4 I bainr*- «i»Ki(»iiil 

XJhcnomona, 47 lumrato boat pboruunonn (c'm»nini-i»»u »*f l»*»da* •>' ’k’lutb 1 ji« n’if\m»y 
of boat, tranaitioii nt' n Un<ly friun ono c»r a>i>fr#'|«af i»»ir» *** aa.-dl.i« r 4i.f ni x ivtsitu 

and (1 hourn to t.rii>H wad oxcnitwImiH. A |ui|dl haw t** i*- > * % * t% ranr»«'nli (4 

covering inoaNurornenl r»f 1 c-rnfaTallire in-e •»!* 4 rtl<»rii*»*d« r. »«j «-1 at a‘'“n <4 &\ ‘'•U’weto 
oiTgiite and internal eamUuwtioti engine, etc. l-lt* ^lunibl *»»' lanaabar aa ith 

oxamplos of mechanical motrmi aiul r<»i*fe in irt«Ui''«tr> . trwi***! •.*11 u»»«l nUnrv?. 

the role of {\y \vl»eel«, cfuiveyor?*, hi^rtng innterluli-i, Imias., »■■’%» .41 ait-ir, 

of heat jihonomcnn in fonncli\\', tin* ii»e of alU»\-*, Iwuh * *«, and , 

internal comhntion ciigincw- 

In grade VITf, XC15 houra are allnc-atcit it* phy-h-M, Th«“ *«i*v» r** wruind 

and liglit jdu'jiomcnrt (1/5 hnurn), eleetriewl plten«*merm (*5S» ulut h inelwtle 

fiiri’cnt. rchistance. vciltajic, e\ec 4 rf»'*inagnetic |>hcvu»ii»efm aiu! ra«U*» TSii- 
are introtlnoed to tfio structure of attun. In eoneluHittn. K* IwitiirM. ai*- 
to the recapitulation of the c'ntlrt* roiirae in ph\ rtie-* fr«r»n* uru*l« Vl t«» VIII. 
Two hotirs aro set apart fora cumdudliig talk u hi<d» ia de\ ■mtt'd lo miisj; the 

value of development <*f the nati*»nnl thinougls ine«diam*« 5 ifti«n 

and olectriflcatlcjn, and six Vunirs for tri\»» ami c?cenriHi«»«^, T'tie 
experimonta arc closignecl tt» i*nahle t'npU^ tc* nerinirK* tie* nhiU of 
reading electric iuKtruineuts, the asMemhly «*f tin* gnU nnie hall*^ry, n? 4 ** *»t aruna^er 
voltmeter, A'arioua tyiies of rheiwtata. Uiernu* eleelrie deviceM. th«* »d' an 

electric bell, etc. 

The oonrao in phA’Hies fe»r the last Ihme nf tlie #*iec‘<*ncla[r>’ 

(IX to X r) is f'-rni-dril.-.l *.ii Mi«> pi ioeiple Uiai the -iii»|\ t»f jjhywieal jd*<-nan«.*f»a^ 
concepts, lav. a* •' Ik» eonthimd « illi a rat i«»n t*f the»r 

practical apx>Ucalion and that the toehnScal probliiins inelmlefi in the 
should be so Hclccted that they re\ eal the laws on wJileh the ineeltuius^m t 




*‘r ir.Kt K KUl't kXIOS IN THR ROVlE^r scirooT.a 

Till »■ *’»rN, V.,i- « a -U .it (tin* umlary i-onclinlon with a stufV\ 

nia* ihm*'*' 


R5 

<if HUceilio 


In jt-mU IX 117 an‘ U* hu-^. Tin- .loalK w lili 

in» tln4rn»*" -tffnl . I'hr* iimin uiiUh: of ntti«ly arc, \arial>Ic niuticn ( Ui hmivs), 

Xi'wImu’m U%\\^ f»t snntimi ('.in tMitv ilincnr au<\ rotary motioji (10 hours) 

nici hannai # »i« r^iv Mn lifair-i. wi»rkf»f iucchtt.ni«nirt ai» cl innt^hiiics (0 Jiours), motion 
<»i (! H> him mifl Mavc'K. (10 Iioici's), «oiiiicl (5 Iioui’b), 

t'X|u'j'niU'r*t M ( l<» Inivirn). Si-ic liourn arc }iiv<*n to excursions ancT four to 
ri'capiinlatioij The MituUcK the working of nuicliines for power 

ihc jii'arlioJv of tho hoistin/^ crane, and the carburettor. 

In v“rinh* X. the liic'Uulcs inckU*i‘u!ar-kinciie t-Ui'ory ('3 ho\irs), lioat, 

work iiiiil mlc'jiial (!<' h»iiirf*b i»r*»pi‘i'l ics «»f ^aHct> (HI hours), }>r()]4f'rticK of 

fliiiiK (d h*»nif‘), i»r<*pi 1 1 1 <>- "‘f the* wdid lusly (ll» hours), \ ai)o»ii\s and their i>roiierties 
(Id) ,I»ca( *uu»( fltt-h' aiqdicntioii (10 hours). 


Thi* rcHl tif tilt- tiiu<- is liivcn lt» the stutly of cloctrudLy and the xniilM arc, 


'* I'ltM'i ric«4l < harucjs a eu 1 <d<*ctricttl liold (lo hours) 

'* cicc't i c'oiirlut'tanee of niotals (l;i hours) 

* (dcci tdic'iuiiiiciia in a \Heuutn (B Itours) 

iftOjHiii*-|»r«a es*4t s in erases (4 hours) 

■*' i€»im‘ jir«»c»«*»M,cs in clccarolytcs (-1 hours) 

* ( onrluciHiiec of sf*uu-con<lu<*l«»rH (4 hours) 

.MuvJncth* field ennl clecl-rM-inaj^mitic Incluetioii (10 liuurs) 

’* ahcrtULl 1111 / eiirrciit ( lit hours) 

clcclro-niaj/nctie tiHc-ilhUiouH and waves (11 lirs) 

* prcidiictiuu aiul utilisation of clcctrie x>owcr (H hrs) 

and excursions are ^/iven three Jiours and jiracticjal cxovuiaos lO hours. 
Tlic c<nicdiidinj/; thonie of the coiirse is to elucidate, the iirttciical tirohioru of 
uctifui, 1 rttiiMiniHsion, distrihution and iitiliHatiou of olootrie ^)o^vc»r and tlio clcvelop- 
niciit of clcebHH«''atUm in the U. y.S. 14. 

Only <(H hcnirtii arc i^ivfu to idiysics in g:rado JXI. The units of study in 
tht' course arc : OiJtics, which ineludea K^^omotidcs (15 lioiirs), w^avc iiroportloa 
t»f liglLt (9 hours) and tjuantum jirojicvtii^K of light (O hours) aivd tlio i^hyslcB of 
tiu*^ atom aiul ti'ich'us. The latter inclutlcH, structiiro of the atom and nuoloua 
(9 iiout’s) eiM'rjix' U*vt*l of ('U‘titrt>ns., isotojjos and utilisation of atorrnc energy for 
Xioacjcfiil jjiirpo*-*cs. !•*raetteal cxcreisca taho 30 hours, oxciirsions d hourjs and 
recapitulation of tJm whoh* secondary course 11) hours 
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Chemistry 

Siiico tstmu,* jiroviiitlum i« 

l)t*lcn'o a tmviV <*«« '»■ jntr<uUi< *h 1 lo a rotir^n in . it?-* '* yi^ 2 «-st r>«^rfr^| 

in gm\W VII. T\v«» h.iurs s%tt.lU,H*4fct4i.Hfl twr «‘1i«n«ii'-sir> ikt< % %% jsu«6 VUI. 

The new wylltthuH aim-* at makinig the •■'U'tm'fitsirj. «. Jf*4 -ainl 

to l)\ii\d on it a. cnurwe i« IX I** XI ««f h^js-tsL 

Formerly the ohemititry tnmrise wsm ^ Mn»t fr*»ns Vlltius 

X, Some Soviet teaoherM j^eem t-o he «f the flmf th^- +/rA*'i' VIJ 

to A’^Ilt iH Home what overh^aded. 

The programme i»r the eijiUt-year Melnu*! i*r«ii\ nh*^» .*u « h »a .*r > jn 

inorg^nio ohemintry n.tnl in iTtten*letl to jffiv'i* t*» thr* "'I* »**« siSw*’^ 

oil the prciiiertleB of/^orrie <»f tfi<‘ im|rf»rl.««l «hfjiofx#5 r?* »4j* ji*« «. <[.4r»4 th» sr'- 

oompovintlw anc\ teach them hc»w to han*Ue -tsi i-smi » h» s^n^a-S 

equipment. In the lenehitig ttt the **ul»|eet. it**. tin) i'Tt^iKO < so itif smtsr.iml 

economy ami tli<‘ aeliieventents* of arc t^tr* r-m A 

Starting w itJi KijliHlnnei*** ai»«l llieir lmr>’-m»iirfitnn»« lie ro^irst 

Btructuro uC Huhatancen frinn ntolcitiIcs uii«l al*ni»f«.- h»»^i. 5i*%4 *► * f »henm-tt"> 

oxygciv, air, eomhuHtion, hytlrogeu. water, Mtlente. <>7.i«li4ii«n’n »«»« taS. 

and ciallH. Tim jmiiils? ar** taught lu»w to fxi»r<*ea the « oyn)-«*i4ttt«<,9( »4 nsil«<.taiirir* » 

and their ehomical convorHian and reaetjon b\ Mvmhfdn, fornnilwe and efc;(«iMi 

Ah in other HuVijects the t»‘rtv1ilng of eUemlwtry i*« « )'irfsit tirol lnat-<. 

Thus in the ntucly of oxygen, iln ri»U* in fuel *1 IVla n 

studying acids, their hou«chol<l and imUitctrial ii-wfa are tli»M UH,w*d {«t fhr- theme 

relating to nietalH, tlio of tlu^ iiintii ittifuirtaitt UH-I.«h«. »»»rr<*w*K«n of 

metals and anti-corrosion rueaHvircM art* exi»lainc*<l. A liicnn:- oia ral t« rt 

18 iiitrodueod after tlie jiulill haa Ktiiclietl oxide***. ha«etv an^larirK TIm* 

programme contains a li«t of experiinontH to 1 h* iiuidin tcil l*y |-n|nh'' **1 the 

oorjcliJHion of f‘acrh unit *>f Htu^ly. Kiel*l frif»w «-i*eri»n ,*3 

construction, sites, drugMlorea, railway wtirkahtqm. fnrii»«, eti'',, r«’*rns an j^ari 

of the chomlatry 3 >rc»gramnK*. 

The elementary (■ourjocr in ehoinislry in J 4 [ra*h*rv VII ami Vill h*ri<<4fr Ihf 
basis Xor introducing in higher cdAHaois TWendeleyev'-K ar**3 

iSystonr of Ghemicivl Kloments, Tlie coutmc for gnulew IX to XI er*\ er«» »fs«»rgt*j!»Si 
a-nd organic chomistry, the first two years heiiag t*» tiu* aia«l tin 

last j'^oar to the latter. The main theme of the coiir^^e in iiw»r|j;anh- ehoodwtry I 
the study of the Periodic Uaw'. To lead up to Ih© luain lhr''ir%«*. th«" »’<»urp‘i 
starts with the three natural grouxm of olemcnta : the alkali metails. 
and the oxygen group. Tlxcreafter the iJcrio«Uc law and periudle o 

Mondeleyov are taught. This is followed by a nnlt on tho tht^ory of the atomii 
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'•fnn I <r<'<n 1 !i* huiif “f vihu-Ii j-, ••(nclii'd the- )UTii)ilicity ot rlcMutinta and the 
imtiirf i4 < it’'I'liJ'f*! ir;in/iriinimti<in». ‘Hust-s of Tlicorj of Klo('trol\ tic Dissociation 
arc'•t'ldi* »l i • ,411 Tit tlioiuc Mhicli inchideK units on titration, oxidising 

diovidmsi'L- rioctmn-- Jiiid the electrol>sis jirocesHcs. Tlicn follow tlio tliemca 
on Nitrnj" II and l’ho*id)orus'.‘(‘rtrlutn and Silicon' and ‘Metals’. 

The lonr-^i* 111 organic clininistry starts with hydro-carbons and an 
cxiHe«illoll of A. M. Hiitleroe's tliocry about the chemical atriiture of 
orgnme conij tinnds. CHlier theiiies of hUkIv include esters (for chemistry 
of fats), the aleidiids nnrl nldehydew (for carholij'drates), amino-acids (for firoteins), 
orgaiiti (uiiD. the- .dfimos, etc. For more detailed study are selected .sueh siibstancCH 
as nil llisine, l•th.'■ leue arid :n < tyU'iie. (Jonsiderahlc attention in the coiu'se is given to 
the stvirlv of !•> nthctic iiigh-inideeular snlislanees and the materials which are created 
from (hem. 

In < n\ • i in;; the etiiirso and earriing out the laboratory experiments, pujnls 
are exjieiud to stnd> the chemiwil proecscea in plants and factories. For example 
when eoiiUHiHiuli i<f sulphur are stnrliod, they imiut ohserve the production of 
sii||ihiinc mid 111 «finl> iiij! anmunuB. they are introduced to the technology of 
ils indusin.il I'lodnction, 

Aitraiioiny 


Ai*ti>iii(ini\ 1,. studied for one \car in grade X and Lakes one hour a week. 
The course cm ere diurnal rotation and annual revolution of tho earth, the 
appcHriun I' <4 the sk>', nslromimical distAuces, the solar system, the structure 
of the Him er-e find the origin and evolution of oolostial bodies. The achiovements 
of JhisMiiii si iciitiHln in tho field of astronomy aro explained. 



SCHOOL MATHEMATH'X INSr!U'<’TH *X 

IN 

Kt^HOPK 


t tta.^ed im » tcptctm hjf r. f l ItR 

TtfAcher*'CtsJicfic ts ^ ^ 

Modem cootTiUH iirp rejdat mjf cIhp ‘d*l ^ ,*j u<^ dkM 

teaching jn the fleiiiinUttrv' fwod M*«^-ndttrv i* 

Bchoola ate w;lii«iKiaiint!. ulaU, ill*" lot* rnalit.ia*! ».<-n.' i M^slVc^ M-ti-t v n oir* 

agreed arc u*ine**esrtAr;.' partw »>!' flaA“«it-,i.l .to*! .«s»' '.'.Sdj*' »fi{ if?r 

jiowe-r mathoinaticj^, ’riu* HcletnU •iri* r<*v isuig s-" - ai ad* ^slh 

oontemporapy iliiiiUlng on the Hulijott 

Theae riiidiugH were e«*rr<»ht»rttt* *l al tl««" oI 

ticiaua at SUalk.lwdrn. r<c‘|KirlK fn*iii in**r*' tSiHia « jaiHioja-t thfii 

v.'uloaprea<l reforinH in HiHNOJdary H<h*»c>I mmIJwimoIi* « a*r*” oja-Uv -h* •< * olB Kwro|»iN 

I’ruliabidty and alatiMiic^. \M«rt «*f lln' umihf ni.\tn .iSs al hy 

matUeniatles educators in the I'nitoil SiAti.'» hikI 3»«"» i» # d «tt 

the secondary seUunU in nearly all Kiir«*jic*ttn t Wim-'. »•wiP|*Brac'-» rfire 

using the report brouglit out by the Oflilce *(>f tl«»‘ <a»sd 'iV»'hi»a^ -sb 3 l*« if *6ww|. 

Tlio International ISeuiinar on improving M«th<‘r»irtli* *•» h“i M in lliriM iu 

Xtoyaumont, Frauco, ?nad<‘ ntariy r<*c<ir#irrif*ii«hitl#in*» uheth Tor'ii Ihe 1 #.« •ap t«<.r i,hHfipi.hrg 
school instruction in Madicjuatiort. in many danintru'*^ Th-r- r* 4 ■* « hhf 
recommendation was tor wniverjsnil aUift in eiiiip|iat<4"« is* lit'4 a*'i4tt.4«)l.ng. 

stressing the logic, Ktructiirc and unity of iiiatUt’ns«stsn *** * 4 ^ ui iAh»d«- vfi>"U^d 
of the mere solution of rtuiUnc pruhlcinw in i*»<dat»*ii hrjfciu tifr-v «4 tin « 

Dcunuvrk, Kiidand. Norvxay und Hwi-thm liav«" d t% Kriiuihiutn^. bin 

Comiuitteo fur iiUHlornising school iimthciimticH. The 4*on»i»4»tIee Atn»U^'d th«* 
existing prograininc in cacdi inoirihor I’lniriiry aiVI Ihuh |*8« j««uf<rd on 

Dr. Felir is VIend of the Depariment of Mathemau<;Ml |:tJi#LaHoin #i th« fc^vhers)* 
College, Columbia University. He made two trips to luirope thH yi6.«r lo eiJiuiJy ihr of 

school mathematics instruction at the requestor the amce %>( ihc Ht.n:nnSiic and Trcfmi^SAl 
Personnel and the Organisation of Economic Cooperaiion and tJcwekupirmfm. v.-hich hi*s itf 
headquarters at Paris. The purpose of hia vlali was to deiermim.* 10 what th6 

recommendations of the report of the seminar '*ncw thinking in. stchool mAihematics'* were 
being carried out. This article has been adopicil from the news office for rcieafc by th« 
Teachers* College, Columbia University of Thursday, September 4t7» 
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riF.MrA'rir-fi rwf?TH\fcrrroN in EtrKOT'B 


nil •-■l«Ta J ^ 

J*:> *»« 


ci-rA 


»< r\. vr»»Ua,hilil.v ai»il calouluH fr»r tlic lii^h school 

rj liavf bc-t‘n >MMitGn for theyearaVto 9. 


In I f-sK . 

<-» 4 *' -t 

1 I'h’pl 

'r'}!*' i*r« 
\ u‘%1. jwnnt, I 


li % •• soil Ih 
It. r** -sn*J K * 

i># iiri* \* 
ivi miTin 


inatif^nns, working ith tlto Minintry of Kdnctition, 
ntH from tho Orjj^aniHCvtitni for Economic Oooperaliioix 
*)*rtrinn a now iiro^ranio for tlio Honu>r ypa,z' of higJi 
in kiry:«* timaKnrc', will treat gooinetry from a modern 


r;iov< * , iko Ministry of lC<tiicaiion liaa appoiutort a national Committee 
Mil tnatia* inMtrmi t ban r*»»i»»»iKiiria: nf t)ireo of Lho c?auntry’s top mathomatioians, 

liirt t- f* iir-Sfl*-r.tinin« I tc-a^-horf^ iti iiiatlicinatica ami throe li igh school teachers 

I"h»- in rK’vi rjt iiiif tin- tmtirt* hiifh soliool ? beginning this year 

nicJi ’Til*'fI’XthMok for grfnlc aovcMi, juat comi>lcte(l, was ■\^'^ritten hy 

teainn Ml mat io'inat iciann. €*c:lm-at*jrK m\d teachera wVio naccl the O. E. C T> . 

On <4iHn}i*’w. TlieJi* n<irk roaemble-s, to n high flegrec, that 
jir*cho »“«l h_v t fu' <Sr IieftialifK Ktiuly t«rovix> in the United »Stntcs. 

• f.tpfin lm(-« |*rej»are<l « ae^v rtylktliMH itKxleriiized to follow tlio rcforiiiH now 
giiiny Mil 111 ll.e Uiuletl nn<l ih retraining ita teachers this year anti will 

mansjoratc' liie prir»yr/iin in 1993. IliiHHitv Iium gi\a*ii Horious study to the O. E. C. D!). 
report and will nn‘l«(iid»t*’tily c'*inHi<ler it-H recommoudations as it vofornia its own 
pr<igraiM. 

M«ui> i»r tin- Hiiggo-HiiouH ar*‘ ati iiocciinpIisJietl fatjt in vsomc of the 

t'oniili'ioiv. Tilt* cImng«‘H an* llu* flrnl »n more than a half a oeninry ft)r a sohool 

iw'hhr#^! tin- t'ani-**. A HX>fti/ic x>ropo«al in the O- JC C D. 

report in that Kwc'lid‘*« treatment of geometry nuist be elnninated-—and &o must 

ull Ollier 'hlead, outmoded <»r uuiniimrtant asxuiets of matlunnatios.” 

JCnelniV ai>i»r«,»*veli to the study of geometry, tauglit to youtli in many laiuhs 
fiir eon nt U mh generation^. nniMt either bo greatly modified, as it has Iicon by the* 
Selniol .Matheimities Stiifiy Clrmui in the Unifcetl States, ur replaced with an 

iniagiu«ti\e, iluring aiwl cpiite revolutionary x»rogram in genuine accortl witli modern 
lunv tn-wity JiiatheniatieH, 

Kuelid’H itlefts are useful hut they must, lie studied in a iimnncr rc.juired by 
nioiierri Heimit iflc tiinl tcU'bnU'ivl work aii^l aa apx*ii*^^ natural soionce, in indut:.tr.\ , 
^ijui flit* ladiavloral ^leienees is* a** ai'itbmcLioal, as oxiposod to syntliotic, s^iace, 

wliieli iH the heitrl of matlieinatiea. 


reached at 


.-\mf>ng .I'^reeiM* nl*^ and i'Mnehisi<»iiH 
in I'ltrif* and now being wtiuiied for x^oaKtiblo acloj>tion by many 
an* the ColUiwing : 


the eighbeen-ization seminar 
of the j>ai’tioi£ianta 


TJitrt. i.- ui-fjf.iit r).-fcl 1o aOujit si-'Uool to tlio “sweojiiiig 



iiK.'vrr K 


m 

advi,i.n(H“V i.ix m<fsl«"rn Tim ^ 4«’*4 iwm4'* « 

ai* U’ebnit^aUy val’'i*''9''‘'^'*'''’’ «?t^***r«sfci fr«»i»i #h«- tr^^-'lsinmnsd .«■-« •-sj'l-a?^ •>' 

of [ilanc* atul E»'<niK*itry. ©lu* Ur» ^u*\ t-raif^mmsov M-'ir*' •« rt-’.**•;}, »!■«-.-«' f^ssA^ 1,4 

the ^‘lo^ioial"’ BiMiK't'tw offlu'W' '.»»hj<*«-i'h. oi^ww*** *1 «•<* «‘r ■?)(«*-' 5*A.«raur»^4 

of them—'imperative*."* 

AilotlieC Irnmetliatc* t-a-wW in t«» jt' 

and a« part of tinifiecl irn«lli«*Ttij%iir «4 tlu*> %<Ur>tithl l«’ ‘w«» thsaf 

w-oen the t-uo will p;ra<Umlly rliaitp|*oA.r. If jne-m^raj t •» i>-s r"!. 

ae now ta-vinht, »<lMirvihi he ) 4 reAtly mwliUeil Th**^ *•»? H’<^<ds4 ’t 'si's^ h 

iufcuitivelj,' from afjoK 1 I to 14. nn«l. a(t«^ravrtrtl«i, a f<'«* nsaanMn* A»if Mflj- ^ S-^g 

make clot\r Ihc wyKtcui of uxioriia ami »4!i* r pha^r*** /«f lUe- t->s*«p a-* 

Kuclirrs itynthi'lii’ irooiiieiry. an a f»l *• ean ps'i'fv 4 In a 3u--i;r»ao 

of elementary nxatlmiiiatii'H in \% hioli gh’alui't ivt,* |4«'<*i«i«'ir> «•>< ir* wn/tt if- tij.f *4 

vootori-, or real uunihera. an«i Inter nioriird with As» -4K:«*n-'-ai un lit of 

the niibjort ia iiropo.v<««l, 

Tciponmin'try would I'liter the iiiatKr'iiu»ii« •« pr«*^jr*sni ti>>%^trAUi... «*»i 

as a HOparaUs auliject* hut a« a l»ai*t of al} 2 ('l*ra «nd igt**uM9r>. atn* iw<«r an 
part of analyMiM. J.#<igai'itlin»H tint'd tri he the "“pwd u»fth«»d’ *»f fdoins; nrithuteiji!? 
computaiiona. They liaNclieen replftfed l»> the eti'r-tru Tnh ul«t«:*r a»i 4 rSr-slrA^itise 
oompviUu'. Tlio aulution of triunglon would he {;r( ntly Ntruphfi<'«l. wiihont she uf.--' »j.r 
logtvcitlnnH. 

No maCtor wduvt progcuMi hi tft*o u»»try 1 -* rt*h»|it**«l, it »n lioofriirSle ihnt, 

during tho agt*K 11 to 13. an lutuitiv'c*.ph\--ioal «tu<ly of >40t1 *hr«*“ --iMte 

goomoiry should lio tlio initial phant* *jf learning;. 

Here oUildron atudy by cU'awiiig, iiiettMuriiig, notkhi^ OKidelg-gtnal inv 
practically all the useful facts of K^onietry. Kr«m 13 t«» lo. tht* dr.tiMine »^f 

geometry should gradually enter inatnietion. After age ITg, the axl<»matt>r 5 *l:ruerwrt’ 
of vector spaces must he develtiped. 

TUo gi'tidual depavtiifc from pliywieal ir«-f*.lit> U» ft*riimi rn" 

abstraction and atruotiiie slioukl he aeeaiitpli»|iecl hy tim linn* U»n fdndonl 
t he uti iV or s ity. 

1 liG aoiniiiar prt>po.sotl the intriKliiotloii of tdeim'ulary jirtjJmhilil>' and 
statistical mtVr&nee xn tU x mathomaticK of m-eondary mrhnah*. Ku»U^lie*U 

infercxace lias been oaUinl the Bubjeot in -whieJi one leaniH to make *leemiiujis *in 
inaiifhoient ©vide nee. 



A SVjW PHVSKJS program for SEOONJjARY SC11001.S 

■ UNITED STATES INFORAMTION SERVICE, NEW OEEHI 

Tlif PS^SC3 pli 2 .'Hics progrtuii in (lcMij»i\ccl to Hhow wtuclcnia aointt of tlio structure 
of i)Ii\ si<5« au<l llo\^ it M'as cliscoverf'cl aud iiiiderKtood by liumau beings Tlve 
jjrctgmin ecJiH-entrales on few er facts tlmn are usually ineluclecl in an elcnieiitary 
pli\ SICS <'(mrHc. PjulcrstaiicUng tlieso facts emxdiaaized , nLcmonzntion is not. 
C'lotiaidcrablc time is .HX)cnt on bho Hti»ric» ruiming through sics which tic togctI\cr 
the facts w ith explanations. Reasoning and carefnL observation are required to 
uiidcrstaiul the storu^s, Ry walking with simxile ax>XJaratiiM designed w’ith these 
Xmrpo'icrt ill uiirid, studtmtK can see how they use their developing ideas to steer 
their expcrinicnts. In this way otmccjits arc devtdoped, not just asserted. The 
labtiratory is an iinxuirtant tool in learning ideas c)f siuenoe and of how science is 
Iniilt, T'hi* labovattiry work ui tliis course is <»n an ocinal level with tl\o textbook, 
clasH <UscusHion.s, and hhns as a lutuins of learning and teai Uing. The tools of 
learning art* : 

U) Anew toxtliuok. 

{'2) Laboratory cxiicriinciUs ami 6iini»lilled apjjarat, uh. 

(3) AH<5iofHhnK wliicU augmeniH the laboratory, sunniuxnzes and integrates 
Liu* variouK ficdcls of study, and sets tlio tone and standards for the course. 

(4) Achievement tests designed to Htumdato tlio apxilicatiou of knowledge and 
teehniques to new sitnations and probleniH. 

(r») An extensive library of x)ai>er-bouiMl books on sxiccial and related toiJics. 

(0) A teaeliers' guide which X)rovideH background niaterml, makes concrcdc 
sugg(»Htio]iH for claws aiul labaratoi’y activities, and disciJSW's critical 
seetknis of the courae at tJio toachor’s iovol. 

A brief dcricrixition of the iimmua* in which the IhSiSO coiii’se x>vc.sent« the 
unifying prineiplcH of x>byftioH, and tUo manner in wdiich these tools of learning arc 
enix>loyod, is containod ixi the foHow'mg excerpt from tlic iirefaco of the textbook. 

THE PSSC COURSE 

Tho PJSSC course consists of four closely inter-oonneoted iiarts. Part 1 is a 





n:J 

} 2 r‘iii'rrtl a rs I r"*’! iju fi *» 1 Ij*" | 9 ’<s ■»«•■'■* j si i j* .i 9 . ' •* i .'■•,« _; o, 

iruitt»ir -. v** *»“• ♦ v tSii-t-s \ *'*“■ Vi/.i- ■•,« i, j 

nlino-nt t.tU'J** *»f I'r'tKM «Sl# »?nn,j-r-'» -#-W ;,.>^,S,nT. b'.,aH 

‘tmall, fi?<»m iiilarc»^t‘i‘.*ii«l-t«s t*r * "• j'' f-'" i« i-,vlt 

Ik‘ m*'-a‘^nn-*l. He- iiuit in^iiraM^-rst- *«-» At‘ -t. - m ■-5 3,';-, . « 

T^at»iirfit«»rv »*x pf r»< n* •* ■««■ lif-t i»i« ^■•’x t-* < ^ f-i < n ■., -j.^-«l t-X'- 

fcri^ncl otir cif l*>" «:?.«*tn*? -•ann'jilt' u,) ^it ,(«re »''jui ‘ ' *i.i |j rf:* 

«tro^ir»wfnpft« «»r I'rtiJfX*' 

Krtam tru-awtiHniU «r»i! ft.., 

unclc^rxtan'rliiifi: <af vr*|fnHty »i»i<r| £ii'«*c't(*rat.:ir«3i. ««f 't**"!^^** -ststS Jl*!. 

Ibc'Vi gcocK txn t<» mutti-r, u UiHt -tti'-tn- »**«♦% it»t! ,3^ * h < - -<4 

time. Fn thin fir-'t exari>in «4 i**n *i»r ■%^^- ? 4 u«' < : tt • - .!l r-.a-M jm«l 

ciC il.w c'oii«<''i*\’at',Kiii. \\”t* thf'fi the* e*v ele-it*'*- «*t »■•«» .’*f- ■■ -’fi S > W'^ta *4.19 t .1 1t 

that mutter ih rnatle t»t* IV-ia ktn»i'< •-'f l»*r‘ ‘i • -a » i' aj-n 

l>rt)\i«ltj(l in the l»tUa!»r»itf«r,v. 'rin re f»»r »ft-laiiA«'. ilir- .1»»«!« ana 1 . a^sanV “1*1 *■ l!)i« »ar 

»v nualeeiiU* frnin iin'Uraiireirn'niJak «»!’ tfih* lilMaw aoil ^'i'•■►*»•',? j ax'it.'T- ^ 5*4 ^Sssn^ 

direct Uilujrtvttar.N' exi»eri<‘Me** h\ r«lu»\Ainu Afthaeli **»» •>.'nA ti" i«* h '"f 

the Htudenla. 

Tliro\i|s,Ui>nt, t\ie Ktutlent i« h‘«l l«» ra«^li/A ih.ai jdiA*.**, » n. .» ^*^,1 , n, «^f 

fttudy. in Fui-rlieniHr. tilin', Hpnee. mi»l iimlte-r f*in««»t h»- 4 I” s hi* ra<*4 ir*', 

lie Hcc'K that phyKicw Ik a dc‘\ehi|»in» *«*il»j4*et. «*♦»! th-it 8 h? a 4-^ «n J««g «»ita«'a4jt 
imn>^lnallM‘ \vorl< <»t’uien aiirl ^v<»meti like liinn. 

Till* toi»ic« in the f*SHC- <*mirj*<* are ‘•eleetral au*\ <f*r''h'i-»i fr^.na «hr 

simple and rtirniliar t<j the innre Hultile i<]e«v;f »»r ttacHU^rn «i«4a«5a« phs **84 - f *» f^jeil F 
no ha^ »• lonkoil al a hreacl laietiire <»f thi- uiii\eree, as* -««' ■» AarAnn®* »*rta»s« 

(ii l<ln 111 'fills .-cii-s in iiicire detail, we start- hi Part II A\»th hjiht W «' Sa < 1 -«•■ S* 1 . hwhf, 
and tho Mtuflont nmvi'M fanily into a Mt-iidy «'*f altar}*' difTntM** r* d-i »thins 

in mirrors, and the rofrivetuin f»f li^flit at n|*th'Al htsnridarh-r,. TBa*-ssraj «!« » i 
merit of the Muliject leads n}i t»» de\-elo}» a i»e»rtiele thetsry «4 iiulul Hh 

diHcuHsicm illuKtx'aleH repeatetlly the monne-'r in whit'h *»irlni6»lly all a# nlilia 
locl^e dcvelopH. A^nin liliris— -for iimtanoe, the fiirn *in th*' |»r» 3*r-hS- la* li* 

fclio student to fjo heyoiul t\ie Ushoratory. 

Under coutin led serntiny tin* partJeh* nicschd l*rt»\eA atel the 

aiudent linda Lliat sve need another rnocleh -n waive imeUd. Tls*' Iah«.riftt*«r 5 attain 
n-ovicloH an luioxoeUed acnirce of exj»eri<*iire, un<l here the s^tnrient he**.im '* hsiMjiiar 
svith the jiroficrtioH of \vtL\-cs. I Ft* ciliaerveH tin* hehavionr of vvxtv*-*^ *bii r«*|**^ ar«<l un 
dio HurCacc of water. He bogins to roeof£ititie the jarc*tii»»*r ehnrat tei »wi u-h 
30iistitiite wave behaviour, ICno wlenlj^e of inta^rferenoe nnd ^lifTmet h*n imwev- 
liuoctly from a study of wavea in a. rixjple tank. l^or the iirjft tiieu-. perin* j***, tlie 
smears of light around stj.*©et iamx»«. th© colours of oil clicks, and the iori'iiu t ii»ri <*f 
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itnafjc'P l>y U'nKos apjionr as aspects of the wave nature of lipht, 

Dui. inj^ the iirM hall' of the c-oiirst*. Hit* pnncijial enJi>lmMis is on tli<‘ kim'inatics 
of our worl^l . \\hcre lUin^s are. lu»\\ hip; tliey are, and how they ino\ e, not why. 
In Ihii‘1 III u t* 1 Ill'll to a flosiu' Look at. nifitum, tKis time from a dynamical iioint c>f 
\ if'n With sioijhe lahoralory aiipnrntiis tlic* students diseo\ er N(‘\\ tC)n’s lav^ of 
motion '^rhi*,\ learn to prc‘di<'t motions when forces arc* known and to detc'i-inint' 
fore(‘s when motions are known. Thus armed they follow the* oxtraordinai’y story 
of till' di-.cnver\- of nniversal cavitation, Newton’s c'dncntc'd pness with >\'liic‘h he 
jiunpetl from tlic' known laws cif motion to the la>v of attraetioii. 

The laws of eoiiHervation <tf mo'nc'ntuin and of c’in<‘rp:y are introcli eed through 
a eoinhiivation of tlit'<»r\' and laboratory exploration. TJiosc* law’s form a suhstantial 
portion of 7 *arl HI, and w e st r<*ss tlic'ir use in situations wlicre detailed ol)sc»r ^ ation 
of the motion is not po'>sihle, ns in ( Miadv\ ie.k*M diHC<)ver.\' of the nc'uti'on and in tlic' 
kinet u* thoor.\’ of ^ase.*N 

T*art XV introduoc's the student to oloc'tncity and thron^li it to the physies of 
the atom. Heri' tlio sliidont uses the know'ledgo of dynamic's Kainod in X^art 111. 
We bopciu w itli qualitative ohservations, then proceed to a quaiititativo study of 
the forces hetwc'en eharffes We learn how to measure very .small electric forc'cs and 
discover that electric cliargc* comes in natural units. Wo then study the motion of 
charged purtieles in eU'ctru' /Ic'lds an<l h'arn how to determine the massos'of cdootrous 
and [srotons 

Next eou'ios a discussion of ma|?r\etio fields produced hy magnets and currents, 
aiifl a discuss f>n of tlio forco.s they ox or t on moving charges. A.s a linal part of 
elc'clrieity we discuss the iiiduction laws and give tlic student a qiialitativ'e ‘feeling 
for the t'lcclro-magnet i<' nature of light. Many of the fimdanieutal idea.s are ex- 
jiUn’ed in the laboratory-- Omilomli’s Tjow, the magiiotio (ield around a current, tlie 
force exerted a magnetic held on a enrrent-carrying wire are exainjiles. 

Now' we use the knowledge gained on a largo scale to probe the structure of 
iilonis Jt’ollowiiig tlio >\ ork of Xtutherford, wo ostaXilish the iiuclear model of tlic 
atom. Jiut Momo quostiona are i.nanswcrcd. Why, for oxamiilc, as such an atom 
stable'^ Why doesn’t it oollapso l>y omitting light? In soarohing for answorH, we 
cliscovor that light is both grainy and wavj*-. l^urthermoro, w'o find that although 
matter bohave« like jiartlolGS, in soine respects it also behaves like waves. liy 
combining both can understand the stability of the hydrogen atom 

and the structure of its energy levels. Tn this part of the course, because direct 
exiierimeritation lioconies harder and more exjicnsivc. films bring lo tlu* student 
such exxicrimcnts ns the Millikan experiment and the intoifcrenco of ])hoioiis. At 
the end of tlu; ci»iirs<* \\<* }ia\c arrived at the luodoi'ii model of atoms. 
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Mpparaius ami f'sSm%, 

tfc was inltii»ll\’ tlip iriti'titinn '!<* «!*’ 4 » i ■<-r > =^1 3 .^r 

ht» c'OiisIrKictc'ifl from a- ..u^- 

riii'iltitr 1 -»atn 1 «, ti»\ nvnt«»rr«. T**"!!** * 4 -«'l u r |* 1 * 43 ,, 

■tS'Xpe'C'ti.'cl thal tlic* nppiarittii'i* iuLtflit tl*"-’!* Ih' «'*'*fi‘** r**-''* * ■'S i-tjiu '■■31 

hi« s.ahcM»l at trivial 1 ‘iion tri^L l»o > ir*i < r ns r. t 

savinfjK in ri»ont‘,v dwi n<»l i**r fl#<’ liM' - - 'S nb^- 

teacher, who via»» r<*qnir*‘tl to th** ra-* ♦» .a*')*k ss.-i* ,..'i^', 

siipplicMM. and t<i aiiporvL-H'Hit- Cfmi*-trn*'i m‘«. A | -.v s».!/'.-« .5 -i .1 ,.,rn^ 

Tncrcially anil Hu 3 >iilii'd in kit rf^rm. the* »a«-k ’■'-f ' 1 » r^. S f ”' 

dfsigriM ulvioh math* it iKmaild*- t*> k «*1 tli*‘ at -« nsimnnaio# 

Tim filnitJ offered hy THSC lioar litflei ri.'-«v4iil«|tiijk <> **♦ |iit» -k ex n-/-I'l'. '*,.*4 in 

H€‘L”ivnclary sohonlH. whirli have* h**e»i f«»r I In* nw^M I «*»t If * 4 •■'Soo'nt*' 

filiuH or (null'd recently 1 uhich an* irii<*nil<'d l*i pn'lat H 3<<f .,4« t-m.* ..< 

c'<mn*c‘. Tilt* I'SSO lilins. in n»nfm«t. are j»arl uf a * oaojde r. lim 1- bi k J nd* - ? h» K - ^bi ,eiii«i 
tho Itthora-lory. Kanli lilin iirc*ftnmr*»* to •»*»tni* »lrwr«*«" :« ki*i*« le-'U’*- **> 1 ! •*. 1,^*8 hi«»' S-r * o |»te. 
i«cntecl oarlior in tho coiin-e, and ik iiit**ni!e*<l in purl ««• ei|M ?» *bj'ee afo .■ar- tA* «s Ititla 

the wtudouL NVill Inter lravor»*i*. Most Hlinn iiieltoU* a r-\jw'r<’rinvif »it nhu h I»"T jiiav 
of sov'eral oh\ iiuih reasons, rniinot tio (lortt* in the «»'h»,n/| /«■»* 

in the cUtKarooin. In others nr* ultempl is iiirt*le t** pr< ^eni mi tr..urtjreJ 

out with rolntivoly simplo iTUitc*rial«. mid uHlitti th*' f'a|i;ae-it v »»f an i> a(sm*'(>s t»» 

cUiplioato. iSomc' Bliria MUiuinnrl'/ic* and intettrati* n t.-'ijdi 1 »> pir ns-j*! 193 ,* .,1 1 , i. ral exporo 
montH or plieiuimena whieh I’onUl not la* •iMscftiihh**! hv fht* tea* is« r KnaalJi . rtaiti 
difficult portions of the oonrso ar** i»re«**iito*I on fUnn in ihr* lK*h*-f the '-Indent, 

will bo host worvod if all the lonnrtlujt Uk»Ih- • tlie text. Ih** . Ih** t ho* -rkseu* 

dlscuasion an<l tho tihn*- oonverM® <‘n the |fr\»hle*n, 

Mont of tlio iilins are of use in any phyaivrt v< 3 nr**<*, but th» ar !«- -i an*l niK*>»l 
oflloU-nt use is within tlic fonlext of the I'ShtC emire-^e. 

Trial and Use. 

There wore hetweon 1800 and 20lj0 teat<hci*K imhi« the IhSKC pr**nrMn* dMrini? 
the 1901-62 Hchool year n ith around 75'HO.tKK} M ndf^nts, This nppr’.js.vMtuiUdy 
X^or c*ent of th© Hociondar.>'' hc'IicmjI Rtudentn in tlie tT.S.A- onr**!leri jn ai**! r^^pro,* 

wonts a HiRnilicant ituiroaso over last year. The i^ro wMi of tho PHHt^ w^an* i«* 
follows : In 1957-58, there wore 8 ioachors an*t 3110 wtiiriout^; iti IC*/W 59. 2!7t> icBieh**rM 
and 11,000 students; in 1059-60, 500 teachers and 22.500 Ktudmils, ini IKlO (Jt , 1 , 1^0 
teachers and 44,000 stiiflenta. In addition, t-h®re are t)\ or loiwi toaoher.^ x arw*w^ 

parts of the course materials, l.e,, lali, films, etc., with a i i>ii\i*iil i<*nai ■jihvHh'i^ 
textbook. 
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less tHo,n five jJcr cent of fclic !PSSC tea.olxers drop out of tlic pro¬ 
gram. JKUHiiwe the^- feci tlie course is not Huittvblc. Of tlic J 25 drol’oiits IVorn the 1 lOO 
teacUers HI MHiO-ti 1 . * 1-1 all ernate pUvKii s and cUoinisly, 2 I did not teach in t961-t>2 ; 
2C> chanij;c<i i>(»«itIonH ami couUl not ]>nt hi iJio cohjso. or aro teaching; coiirsOH other 
than phvsicH. K tauj'lit the* <’Oux'h<' m "jjart; jj^nve* no reaKr>T\, c»r indicalt^d the eonrsc 
\\ as n<*t s\tilnhh‘ for th<Mr st»i»lcHts 

I’he sjioiiHorerl s\Ht\i-|3or and in-scrvico institute has been an essential jiart 

of tlK‘ tivcrall P.SjSC i>rr>prfini and lias helped make tlic cjonrso imniGfliaic*l,\" 
to teachers ajid students. Teachers I ecome familiar v\'itli the Tiev\ materials and 
tlicir iiiter-re la tc-d use h;s' attending a sii'miner institute ^iro^raiu for six to ei^lit 
weeks or an in-serviee institute xirogram for a year at univ'ersities and colleges 
lUroughtiut the cfuiiitrv . The institiito programs are led hy at least one 

ph.A’sieist and. one or more' high schoolteachers experienced in teaching the PSSC 
XU’ogram. JO\"aluatioii f»f the teacher training i»x*ograms has oBtablisiiod their 
I'ffeotvveneaH, n<»t only in acquainting tlic tencliei*a vvitli tlie suhstanoe and jihilos- 
oiihy of the course, luit in strengtiienuig their haokgrounde in iihysics. >Sinoe the 
eourse is more extenwive and fienctrnting than the oonvonticmal course in ph.i sioM, 
it is strongl.N ri'cornine.ndccl hj the Coniniitt<?e that teachers attend a PWNC msbitute 
I>r<igrain hoforc t>r during the first ;ieai* of teaching th<‘ course. J.)ui'ii!g fclio oui’rent 
tv<‘adeiuie ^oar, there are 2d in-st*r\icc institutes training taaehers to use the PWStJ 
proKfaiii. 

Tlie reiiorls from various feedhaek sources inclicatt' that the PSRO program is 
going N ei*y ucU. ''l‘'he jircscnt edition of the text, lah guide, and loaehors’ guide, 
the iiniu’oved ajtjparatuH kits, ami a larger number of lUins availalde have contri¬ 
buted a. gootl deal in bringing thisalxiiit. Improved teacher training jirograme 
have iilayo<l an iiin>ortaiit role too. 

[Most of the teachers oven in thoii' third and fiiux’th year teaching tlie P)S&30 
jirogvani find that there is more than enough material to covei’ in ones year. The 
more oxiicrienced txuic.hers have* a bettor understanding of what matcxdaL to 
eniiihasize and what material can b© covered rather quickly and still not lose the 
continuity of the coxirse. The time allowed for teaching physios is being oxteiide<l 
ill some schools to aev'en periods per week in place of five; and. a year and a half (in 
a few schools, tw'O year's) in place one year. In addition, some toaoJiors have bocom© 
more oiBciont by making beitter use of the PHJSO filma«fvnd by inoving some of the 
PSSC material to general seJonee and chomiBtx'y olasses. 

Grenerally, the more experienced the teacher becomes in teaching tho PSSC 
program, the more acceptable tli© coucho beooinoa in the teacher’s judgment fox* 
«tudents of all iiiteUectual levels IPx’om tho beginning, there has been material witVi 
suftifjeiit rh'pth to ohallcngo the brightest students, Hucoeasive revisions have not 
lost thia <'hajactf‘j‘ip>t le. Tht-rc is more ©vitience in the feedback i*©cently to show 





that- when arf^ rle\ ilr'-t ^hr^naj^h th*- I®*'* j.%*>'7-. .■•'> ■'i '■ , ;jii';; 

tliiJtC'UK-Mcnis*. jreSfceUn^ llvf^' tc>'i 5459 ««*k. «»**■! -v^z-rksaitf |>r .> - >'<*r-‘] |»>.m 

tVu' aX-JpwTtU'mt-p-imu>’) .v<tu4er»trt watli -.sjvi -”... i 

hnmanttiP^H are to |m»rit ejfirn*i«4«T»hK fr^tm ’‘kr- v. s- Si^^r, 

an' iming T^HC5 tfiate^ria! u it(i 4«^:n^*«|^*^ of '■'3«>« *<! us- 

hy their re*iult«» e«i»eeia1Jv lAhoja l»h »« ^'S “ > - J* 

A rtne.tif»T* (hat #»* frr-quieifi* S> a« ’ f4<«'rt »««.4-< h - >i'» jj* ^‘''■’ 

t>m* \i ai* <ir alifehra aiiei nnr* year »*f *•» *'«5tt ■> sm .•.‘' ■-.‘I- kvi ■- .s-ji :,^d^^8 

tii>ntit fiuir-f-. in math v^tUflnKl them tiraj^hm: ■»*! *■• «■* - ‘.j> i il -t-sifH 

in the cciurnc anti iimnl 1 hrcnigiliont, 

Cornment't nn tlie j[»erf«rirmin*f of ^9 - U>i». > h- > > iin « <.«1« v"**' 

pli j’hIc'm are? more rrliftlil^ at the tim*'. A ‘ n» ‘‘-Lr t ■' i h nw i4 

better iiinlerHlanrliiijr el* the . ih«^-tuvL <hi- • iii -ai ^ f!b«“ 

po-ae. In some clawte^. afcutU*nt»« ha\'c* j*«n*€' l«a yt-n <> »>* >1 *■ «<ii<“ 9 r b^.sr 

exams, in other** tlte;^ hn\c been atlvan* <,>*| |<* .»^| 4 b»*sn<'‘ir<-‘ • -* -rf*..t»»4jn*,? 4*hev 

are notioeably mitre ejifchuHiA>-ti«* ami e/mliiU'nt it* ih*' h.V‘*r<«l’s «« -‘ia,4 loirS 

that the oourae v* a« valuable. l?V*r exnivii«le. «*m‘ i«^**h*-r * *8 c-.,iv »‘.4 041 ; ft*.»jti 

a former Hbii<Vent, whioh iiiijiht- Ite er»n«i*rl«»»v*»l typn-it • «■» juni 

immature to know at the time, but l>f».v,. how we n»*«. <» 

El valuation oC parfiicmAtie^e In c'olleac** pliynh ■■**.* bi. a '*11 !*>•*'«' ta^l» 

tthovtlcl be only one v\ay to avaVuate lht» prtTjrraiti. »»anK taun-’b - am b-'* *^^**1 

for the effeor that it i« havtnif on the larjimr urotif* c*f si tiKijpint,** vvho #.« h<» iIo»* 
cocirso but do not |ko on to eolle^e pUyale**. Tliirt will Ui- a »?r'»flsp to 

follow, but no less important. 

Foreign fnterest. 

During tho x^ost two yonra, many people if* i"o*intrh*,s tbitr Stuute'*^ 

have expressed a ilesire to Ui\«i\i minn* about th<‘ l*.*<Kt* csciTir-^* 
roiiuoslR ior infonnal ion biive i*Vf*b imI into tu-'livc* pr^tgrami* 

More tlian thrity'flvo tfuxeber'^ froiii Ahritnd bnvo nft«>riiti«'>irl f’HHt? 'SBaraaiana r 
tuie progi'ams in the I'^ruteil iSiate?*. (n ntUiithHi, K’^nisnirh’ s hisve 

orgatiiKed Avorking sessions feh? ioeal teaebcr^i anti have retpitflait.e'tl ^pstsitT s»»l*vr ;4 frenn 
P&&G. til those soshIotis, the courso itiAterialM nnet ll*e hlea^’^ rh*’iru wki’rre prt‘* 

Rontod by P8,SG staff mombors and tho loeal x»hys*c^ toaeherK U<«‘n VMn«ider*‘d iu»w 
they u’ould like to adapt tho ouurao Cor their own uwit*. In M«»ir#*v va■««'»•«< lb**> hai**^ 
decided to run several pilot clE*>sses naln^ tho eourMt* a** it *«• ti« wda«*t 
will bo enco\iriterod. Thej’ then x^l^n lu make eUEii*g(ert whre'^* nrrr-’-s^^ar^'-, # 4 iul f»rej»ar 0 
tho oonrHc for wiilesprcad uho in the lueal lanjguage if tho <«»» pilot 

are flatiafactory. 
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Oiiriiijj: tlie >nniiii**r iii lUfil, staff iiicjiTiliorK Rtteaidcd such sessions 

in I^rsvt‘1 X*“^4 Zi-alanf! an<l nn C)r«lf*l>-aiuiTjSf»ro*l institute in l^n^rland wliicli involved 
tfH« ht r imiti.'UuinlK fi run all of t)n- C>JCCn> counti-ies. Also, J’SfSC^ stuff inondiors lia\ c 
^/oiU' to -VnjorifU, Tsijioria, •lajiaii. AnHtralia, and fSuculcnto discuss tUo course, 

with jiitru’est ed toaeliers anrl ]»liyHieiKtH. 

rran-'l a t liuif’ of tlie PSSf’ texthook into Upniiisli, Italian, )S^^edlsll, ami .Freiuili 
are Jiov. m lu'oeess. in'K^tiationa are undfr\^ay for translations into Hcdireu, 

.rattanese. an«I u^meKt*. 

THK PHYSICAL. SCIENCE STUOY COMMITTEE 

'Pin* Plix.^ii-al Nfif»ni’<‘ Stiid\ C‘<uiiinitl«‘e consisting of uni\ersit,y anti seeondarv' 
s{>liotd iihss|i‘s (tun lieis. Uiidi*rtook in l!)5G tho ta«U tiF do\'oloi)iiiK an nn 7 >roved 
J‘h^ sh s c'oursc* I'tir set-ondarx >'cliof»Is '^Plie j»rin<-i]>al tinaimial suiiiuirt has r-oine from 
the Xationiil iS<-ii'Hee Ktmmlal ion Arldilional funds xserc made axailalilo l);v' the* foi’cl 
K«luiidut i<iti, Knntl for llu- Ad\aneenient of K<liieation> and tlie All’rtHl P Mloaii 
FtuiiKhi IIItn. 'Phe Chuninit 1 ee's u <»rk is eurrently administered by Kdueational 
f*'er\‘ie<*s Im-t»ri«<iruted, a noti-i'rolii I'or^ioration. 

'rim uork I'f the (‘oinniitt<*e BtiiniilatcMl k general niovoment in tho LJniteel 
iStntos tn lTni'rc*'e crlncntioa at all JovcIh, elnnicntary, sec-onclary, and oolle^^e, 
SindUir Are now at \\i»rk in the aicas of h5ol<ig>*, chemistry, and 

mat lieinttlies. 

h'urfhcr It\forntaiioix, 

„\11 ni tlie materials iireparcd by the Ooinniitiec are now axailahlo from com- 
rnen ial »-inirci*s. Teaeliers idanninjf t<» put m the l^iSSC iirogram are. urged to attend a 
PSSC' institute lieforr* using the uiaterialH, 

The Phxsienl Neic-iic c- Stmly CJoinmitteo is intorofited in rendoring whatever 
sc^rvieea are iiseinl tti those inclix'iduals who wish to put in the progi’ani, know* more 
ahout it and lu>w it eiiuic into being, etc, Sucli information inay be obitiino'cl 
from: 

IMi.v sii*a 1 Seii‘ii<’0 Stud\' (hunniit tc*e 
Kflm-ntional Serv lees lneori>orat«d 
1(14 Main street 
Watertown IM, MaHsaeiiuscttM 

C'ojMce t»r tTie text! i>ok and laboratory guide and teachers’ guide may he obtained 

frrj rn; 

1>. Ch Heath and Chunjiany 
280 CcduTuhvis Avenue 
Hoston 1 Ch MasaaebuRCtts 
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A laboratory apparatus eatalogna n(«% h<* obtoinMl frum; 

Maoalastor KrientiRo ('orjKirBtjfJO 
25!l Norfolk Htrret 
Cainbrtdjie HO, MaHant lnihotta 

Thp Matiolahtot Koirntillo {ktriHtration sum f'fulh f ji S, 

a two year contract uitk KNI to manufactiiro the i’HSf ajiparaJu* t<* ajiyr' -. j 4 KSf 
RpecificationB. We fcol that thc> w ill cuntiiiui’it, ‘ajjiplv (joalitt. l»i«, f.t .t apitjiratus 
suitable for use in the PSSf" program. 

A film catalogue and information mi proviouing tin- liluia mmj !•« uiOrtnii- J fit.ni : 

Modern Talking I’icturi-Serv iee, Im- 
3 Kaat Rdtli Mtrcel 
New York 22, Now York 

The PB8C stiulent noUievenient teata may !*« purolia^rd fr*m 

(!o<ipcrati\ 0 'IVsi Disimou 
hlflucntional T(>HUr\g Hervioe 
Prinoeton. No a .lorsoy 

The Boienco Study SericH a library <if papor.\«i<in<l lirnik» for rMiiHido in 

fields related to the PiSBO course may bo ttbiaiiit-d from 

Doubleday and Couii>any, Ine. 

576 Madiaoii Avenue 
Now York 22, Now York 

Arrangenionts have heen made for the translation of the heionoe J^ludy .SoHr-s 
into several languages and hooks ore nov» ovnilalde in Afnltoan", Finnish fiormnn 
Dutch, Italian, iSiionish, and Swedish. 



■1)0 rr-YOX_TK.SELK’ TKAI^HINO :i’10(-MIN I Q.IJE FOR 
BASIC PB YSKJ>S«^ 


There \\ a.s a run on -sotla Bfcraw.s in fch« WojxlroA' Wilson hligli School (Washing¬ 
ton l>. C.) oafotoina hero recently. But not beoaiiHC the students wore extra thirstv. 
They liarl just- learned how to make a set of scales sensitive enough to weigh 
tlio wmp of a fiy using only two soda straws, a needle, a brass scrow and matchbook 
c(»vcr, 'Phis hlo-it-yoursc;lf’ jjhysicH ajiparatu.s was explained to them by Albert P 
o.xPevdi^ e <lirec*tor of the Physioal Science Study (Jommitboe. which i.s centered 
at Ma.sHachu.s<‘(ts Institute* ofTeeVinologi near Boston. Bittlc’s committee lias deve¬ 
loped a Jiew phi’.sics course now being tested in eight high schools in the ITmtcd 
Stales. Out of the wimlow' arc the ancient jjroblom.s of levers and pnlleys. The 
stuiiont sumps right into the fundamental area of wai o theory, which involves the 
rriicial (juestiona of moih rn physics. In Washington to attend an, MTI’ regional 
ennfereuoe. Ijittlo toted a (»0-po.md wmoden case eontauiing tlie science apparatus 
dtivelopetl in coiijunotion with the physicb curriculum to Woodrow^ Wilson for an 
irnfiromptu daruonstratioii, Almost all the orpiipmcnt can be built l>y the studont 
in his own hasemciit at a cost of a few xicnnies or a few dollars. 

“I cnultl make those aealos in LO minutes,*’ sia^l flohn l'larllo.s rlr “1 think T’U 
get a oouiile of straws from the cafoberia now.** 

*’ I i'ft<*u Hcroungo things that wdy,** aaid J-iibtlo, who with draiiory rings, cake 
pau'*, anaj) beads, mirrora, olothca i)ins and orange juioo containers \vii» able to open 
iij) a new world of ncience for the Hiudent«. 

1’he oquipinout most iiertinent to the course is a ripple tank, wdiich projects 
wave niotions on to the coiling. With tJiin tank, it is iiossihle to measure wavo 
lengths and froquonoiea, to domonstrato reflection, rofraotion and interferonoo 
patterns, to bo explain the xirinciplos of lenses, telescope and MX)oobreHOopes. 

Unually such tanks aro priced at $ 100 or more* But Thttle’s model ooHts ® O 
or $ 7. The tank is made of an ordinary window frame into which a pane of window 
glass is sot. On the lloor under the w indow ymne a 1 OO-watt light bulb jw placed. 
Driv ing moohamanis, to make either plane or spherical wavo.s ore mad© of wood, 
clothes pins and leads yjowered by six-volt inolors fiom tov .s that ran be bought for 
? I or less. 


By Courtesy of United States Information Service, New Delhi 







X>0 IT yOXJRSlfll^B' TICAOHXNa TEOXINlQUlfl FOR- BASXO THYSIOS lOl 

and U>ok<;<l throu^^li toleFi<50j.tcs riiarlo of linolou^ii and lontics ijositioiied l)y -wooden 
curtain riiigH. 

amazing wliat a little imagination, will do,*’ said Bill Steele, a Woodrow 
Wilaon aenior. 

1 iiHtimctioti in uaiiig tlie now otiuiinnent and lextliooka will l)o gis'cu to ^nO 
tpao}ior« at inatilntcs thia Miunmcr. By tUo following aunimer tUoy iiru cxponted to 
give iiiatructiori to 2/10(1 additional toacliora. In that w’ay, the coul’mo oan he intro¬ 
duced eaaily into the iniblit* aalioola. Initial rosjidnse is the eight i>ilot schools is 
<* n th 11 a 1 as i ic. 

BitLlc’a coimnitLi’C, .^upi>ox-Lcd S I in foundation funds, also is develop¬ 

ing GO firat-ratc filma for cUas.-sromn d<‘.iuonh.l.x*ation and a series of pai')cx'-bac!lc liooks 
on Kiiecdal saioncu anlijecta. T’he i»rojocl was liegnn in inno by .Jorrold II. Zacharias, 
MIT fihysie.s x>i”<>ftii^Bor an<l Chairiuan of the Bhysieal Science Study C^oin uiiLtces. 



MfNXATrU K V\ AVKK K<Ja AHNJATS liK AKU AlKh'Se 

t*U RHI fn % AX X 

Hcdtitxid siMvle* Lf" t-i ar-f* w ni »< r-ii f.*r h' rj"■ ad ■■ »t « »v|.k.o 

unique to Bce tltiw f4\!sU-iii mI italdiw' .iiq-'is* *i t*-' I'f' *■*!?'' >4' -5 «»fl s fi(r- 

wttthiliiy ^ran-hif H au«1 tlit- irt u.» tu3«u#^ isu| »♦* id*- «' d 

Wh€n pons (fie . 

na\\<'\er, tliiH iw c\\a»'ll> wtat li <’ •nk'iiwer ^sa in*' H * ui di i, 4a-Mruan*r^ 
Mai«cina-Alfnrtj i'r<*aU*cl in 1 unrU i-n. Nt H'liiitu' j«'<'iar»S. ftn Bi*' »«*«* «ss,«f*t n( 
waterH in (:‘A:<‘lii:Hi\clj' •'■ttidi* <i tti tlw-^ laintia'/uja wj««rii' i}j*‘*Sfw5 ^ 
tropluc ’— of I IlfiiiMV (-nii rit^ x*ii t* irvt■' 1 I■‘djnt* «j«at4»,l lufftk- 
watcsrsf) i.M nnUsJ 

n\> rtqaruwojit tlm utility xif-u»'h a !al»oriiiory. it i** ««« <*er*t'fl*r *h« 

ixroblorna nvhiclj arcs cnirrcutly imaed Ui iho 

from both a malorial and finauchti point of \ . Kor * vwrjssd* . j rft»p »'i ronr«*«'tn< 

tlus prol)lom of flc'tcrriiining in how tnanv i«rK,« jorl n«cnH»*'*l ttlll 

no Icmscr he ai»lw to nfl«r tli** watrr 

The tonJuuoiaiiH of Mairtonw-A{f<,»rt wen* aUu a«kr*h in. it prodtaiik^ to jn-nd 
100 milliarcl fr«iifH for tlio C'*:|'ttiK*iori of a j or* wlii«*h 1 -br«^«tk> 
ing of the waveai 

The builders of daniH have fonnid thom»elvt*K fared with i»3hij}»l«*niH ir* wliteSu the 
factors of stability are nunierouH as the eruol mvruory i:»f the tirama at Malpsis^'^wt 
indicate cl. 

//ow does one make artiJicUd waves ? 

Let lie pass ovQt tlua gcoupa of tocWnioiauH leaning ovnr tUnir eWntrtJfiits o»Umla- 
toes. M'h© sp^ota^le of larg^ tutting halU U not HiirpriMing; grt^upei af mon in 

white blouses bpiilding aan'l or plaster plos! fvike ohUtiron on a l>fc?«oh„ te*t*hrii* 

olana build uuniatuco rUaunelH in vvliifU more or h“*H dejtitrsicti\o iKwUt^fc i*f veater 
eirculatu 

S e ver al ports (ClLurbourg, Kojan and ovurneaH Majnuga) are rej.r<^»dii('ed on a 
C*By Courtesy of the Embassy of FranCe,J 
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fi^aln o/" a Jjunidrocl: and th& roprodiiction i« so fa-ithfiil t}iat all coaslal details oan bo 
recag^nizod. Th© awoll of a thin stream of water, representing the Knglisli Ohannel 
or the Mozamhiquo canal, breaks eontimionsly against these miniature 
r o 1 jrocl i J c ti o n a. 

does on© create artifioial waves? With the aid of onortnous buoys or 
X>anelH» oscillated by connecting rods which are in turn powered by engines with a 
constant speed. The tumultuous agitation of tho water is filtered through special 
sorcons bo tliat only regular waves are obtained oorrosponcling to the exact concours 
of Ui© natural swell. 

The visitor is greatly surprised. It is difl&oult to believe that streams of water 
only several centimeterB deep, which seem barely to surround constructions of hard, 
sand, can act exactly as the millions of tons of ocean water rushing against the real 
structures. 

The comparison, or rather the extrapolation, remains valuable, nevertheless, 
thanks to mathomatioal formulae of extremb exactitude and to curious material 
preoautidns. 



( 4 l-l 





For oxainijlc, it U corlaLii tlml wapUlary i*1av n in tin* uMt 

(jf motlelH although Uii'^ ijlir’iiorucna in aht<ilutc*ly iiiMigniih‘A.til. in ih*'' r*-»iiS 
<jf ilia Hcjtv. H iH, coii«4ctiuisiitly, rii'-cf'Kiwvry to roinfnr^*** «'*Tf«uii in>» r »»r fftirMnl tlt-pHi-* «»r 
the vocUuM'cl niotU‘1 with iron Nvirt? gratin^’^ v\hieU «l« i»«»t «n r<*a.l»ty- 

Thfe proportiojja are not even tlio Haino in height ami in rii»I tl»e 

shii) of s\irfacos, and eventually !lu»«o of welglita. ar»>i diti'emrifc. the «*!a*»i*ical 

formvtla© of simiUtuclo, well known in math<«-nui.tieM» hav<» 1»e»»n f»L»r mdviiig 

these multiple problems. 

The same is lirue foretime. And with tliia problem, thv phnnnmonw am 

quick. Jn reality, natural efTeubtt wliinh eurre*4|Hmd In Uieim pinsnnmma murh 

slower. In the hydrodjuiainioH laboratory, a week etunigh to r#>|,*todMr‘e artid inttudy 
phenomena which would ordinarily h« produced over »t*veral year*. Sitmlitud** »rm«fe, 
tHeroforo, also bo establishad for fcU« acale of time. 

Recently, a mobile device whioh'allowa a oamerib to tUm the ovohitlon of 
w'ave from its birth to its breaking point was Installed in the labm-atory. The point at 
which the wave breaks represents a orltioal inatant during which the moleoulea c>£ 
water, acquiring considerable speed, are* capable of destroying importaut timsonry 
and. concrete structuxea. 



MlKTATlT^KE WA.VBl 1 >' 0 ^ TVtXNATTJRIfi BREAKWATERS 


1 or> 


^//nos i univcn Actl .solununs 

’’riir f<ill<)\\inH art^ se.V't*i"a] solutions ox’koil out b}k tho t*iigiiicor.--i \vli<> iir© coii- 
Hfiovia of the vast luitural j)i<)l>loms iii\ol\<5d. 

'Vd tho proldom- “fn wltafc \©ar wilt tiie port ol Maiunj^a I)© m\ atlu<{ l>y 
tlu‘ labfU’iVLory uitli p.xactiLu<le *‘Iii tlie yoar 2020”’ 



Tliia seotiiH slightly funny, hut for that tim© span of GO j’^ears, the laboratory 
also indicated the points whore clredginK ^^ol•lld have to b© made as ■well aa the 
vohuUG of sand which would have to bo dredged if tho port wore not really to be 
silted up by tho year 2020 1 

Another problem: ‘'Is it exact that some ports are gradually being filled with 
alluvial deposits to such a point that those ports will soon, be replaoed by a foroat of 
pino trees?’* 

Tlic laboratory replied that a real menace existed for certains deltas. The 
imminence of this danger was carefully studied and the protections necessary against 
this po'ssibilit^ were carefully determined. 
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SvcsHOOc, 


The atgiVoitiou of ths" in m>me» !>«*«•«.tim.-t tJossfe ^ s'rs^iifii 

momenta ships a-ire meiMitee*! ami *u«Mt. se<r*k «n th«» c»|N'.»n -(.<'=%* ithi - pF' 

th.© ©cvS?in©era clefcomuned tlvf‘ rtf|jre** r*f inintmutn pr«*t*i-«'etf%r» ««-« h rl sr^ 

Lndicekfced. tho atrueturr-^. \\*hi*’l» ^un.rsnt>tr« t-hi^ tniiffiTtmtv# 

Other questions \vhi«'h M©vm nom© front Ut«'r«Alur** <*-r pcmtFy 
askocl: "'Wha-fc is tlio hifltienc^ €^f the pr<»^t*»eie*» of n wr*h«*^^8 of rSah e>« stio Shsw »*f ^-^nsil 
rejjulat'jr-* in clatm'? Of nqnatio plants in tve*ir plants? Clf •"tr-'rf's-nii isf t<5»tTi on 

roofs? Of the rorniation of if.r* in rieers -and . * 

q’c»sfes ou tnoclols aitittti hy thf* f«ir#ni;#Ia<? of ^3{<r»w iairt"»M.'<»r's <t** th**! ... 

Iiroblem ... .and thank Koavons that «c-l©nt*» eaii wtwlj. sutdi ©isndiE* thw 

bohaWour of fcho oeaan for the profit anil *i«r* of nn«l 



»S(jniiN(JK NKWH K3U)M .JAPAN 


HOT .SPRINC3 HAS BHNFFICIAT FFFf-cr ON POLIO AND LEUKEMIA 

III a roniofct* arc»a of ./ai>uri. a thr<:*< a*ul-lialf Jiour husritle from the iieaieat 
railway .staliou, tUi ri* ih a liot ajiring wKicK reportetUy has special euralive jiower on 
polio, leukeTiiia, rluiimatis, iu’uralt(ia anil both high and loss' blood presf>ure 

Professor iSeniioaiike Tariisawa of the fwale Medical (‘ollcge has recently 
(liacloacd his findings uu the 'Paniagawa Hot iSpriiig in Akita I’refecture in nortliorii 
.lajiari. ^'1118 partieidar hot spring is the only dapamse hot Hja'ing which contains 
hydroolilorjc acid, Miilpliurie acid and .sulphur svliicli have rcrnarkahle curative effects 
on tlu'ao Kickness and diseases, according to Professor Tariisavea. 

Hia lindings ro-s eal that the hydroeldorii* aciil contairietl in the hot spring 
causes peculiar eruptions on t!i<*. skin of hatliers, hut such slcin eruptions apx>‘'reiitly 
work aa aulonuitio antigi ns against the \iri.Bes nr toxins of \arious diseases and aUo 
invigorates tin* activities ofcills and internal organs thioiigliout the body. Ho 
roi>ort» that rlu'Ufnatisin eaii he cui'cmI u]» to Kb per cent after 2H days of bathing 
three times a day anil iufrtntitle paralysis up (o rd) per cent after iK> flays of .slimlar 
bathing in tlio hot .sx>ring of (* 

TLECTKIC POWER OENERATED BY SEA-WAVE LIGHTS A NAVIGATIONAL 

AID BUOY* 

A W'av'e-i30wer generator that procluce.s enough electricity to light a naviga¬ 
tional-aid Imoy has recentlv’ been devoloiied by an arm^^ officer attached to the 
Technology H csearch Head-quarters of the Japanese Defence Agonoy. 

*JTie JSonree of energy for the generating device, ahont three feet in diameter, 
is the uudulaiioii of wavofl. A pendulum, some cogwheels and a generator are inside 
tho device, which is tofipod by a lamp. 

'hhis buoy-like device is floated on the ocean and sociirod by an anchor. An 
oil drum filled with sea water hangs from one side of the device and a lead weight 
from the other. The two weigh the same in tho water but their mass difference 
makes one move slower than the other when buffeeted by waves Thus the cog¬ 
wheels attached to the x^^ndulum activate the generator to produce electricity, -whiob 
lights the lamp. 
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at a atifc lc“-v'el, A «!«- m «4 *- 1 %-k r r-s-i-or 

tfc?ally store*** ejttra vi.l>t<rli i» alJ hn- 

wlitsTX tlx^ aea is cairn. 

Similar cxj»t*rlrn«.‘nli« t»« ilr>«v mav>' j»r« »’4.rriv»! .®sBi 

oversjeat*, hub nunc lia« r'c'itctrU<U>' Uc** ii »lt’\*'l«4jin“itl '•»v slur- j-44sa»« a* t i j.^r 

proiluctioii on i>ii liiclnatrial UckMiH 

f Inrc4rinati«»i ftnltctm « l .X.- ^ b 

!J (l>“i. 1ft} i 



Introducing new books 

THKN3:)H JN 8(UJ5JSrTIH'IC! TERMINOLOGY 

Hd. By O. P, Shauma 

!N’aii<)iial Biiroaii of PitliicaLiontil l^ublioaliniis, 

1 Jfltii. 16 + 8n-f-li8 Hk. 7 fiO 

Tlu' cil' t lio nic*<liimi of lUHtiiiotioii in schools aivtl tioUe^^os lias hecii 

cxt‘rciHinf< tlic ntiiwls t)f x>oliti(*iaiJ«, I'din'ationi.sta and otiicrw for qude a long time 
UftM . AVhilo there is agreement as to the need td' adoption^ the regional language 
as t)u‘ medium in tlie high schools, there is divuled opinion as to its suitability at 
the <!()llegiate and xiost-grailuati' levels, ^'lu‘ mam ol)jec‘tic:ni comes when ^^e 
conaider the teaching of science subjects tor whudi tlierc are not enough standard 
textbooks in the regional languagt*s To piMiiluee standard text books in the various 
languages in India there, should bo some kind of uniformity in sciontiHo toohniotil 
terniinolog;!'. 

Trends In Scientific Termionology is a couijhlation t)f several artielcs on 
the jiroblems of Bcientific tcrjuinology by eminent scientists and Jingvuyfcs. Tbo 
hook has a foreword by !l)r. K. Ij Khrlniali, Union Mimstor of Kdueation who 
stn'Mses the fact that 8cionco is unisersal and has no regional or nationalbouii- 
jlari(*,s, aiuL that tccliiiical teriumologios shoidd bo based on international 
usage and as far as ])o.ssi.i)le should bo common to all Indian languages 

The book is divided into two parts * I) iSoienbific Terminology and Indian 
IjaiigiiagCH and TI) »Soientifio Terminology and World Trend. The first part contains 
articles l>y Indian scientists and linguists and the second part is a, compilation of 
the <le velopment and trends of »Scicntitic Ternunologv in some of the foreign 
counl rit'S 

In the (irst article, Ur. P »S. Kothari explains what is meant by International 
Terminology. rocogniseM two classoH of tochnieal words (1) words wdiich are 

taken from ordinary spoooh and given a jirociao incauing and (2) words -which do 
not occur in or<linary speech but arc sxiecia lly imported or invented for scientific 
l)urposes The terms which constitute International Terminology belong generally 
to the aecoiul c.atogory, Tlio priTiiax^’ aim of scientific terminology in Indian 
languages, acteoi’ding to X)r. Kothari, should lead to muirovcincnt in seieiice education 
and accelerate the progress oi science in the country At the under-graduate 
stage he advocates tlie use of double terminology, one in tho regional Jangnage 
and the other in JEngliah. This w^oiild enrich tlio Indian languages indireotly. Ho 



no 


frwfw, 


kftlso in fftvrtwr nf a ummu-n .< »■ ^n nnj'^r^xrt * 

Thi<*'i«tloiilrtlt'‘t‘< a giKHl jinnKHjU'tn ••’n ii Ut hii(4 s« ’»h-m',? 3 fitr hngM^g^f 

imtitlitii who am »■“ i4r''«t k>^«*r- of sin lanjua,^*" a ■ Sh'v At» ‘i-f 1? • -ifrjjd 

Tin* pmmhirf I'Utlvtrfl l^r lin’fsnnui,; In rntuufji 

'Cif India k tliM‘u«wl in tin? artn-l!" un «hi!*'tin* »3f U'in 

ftiregoing nuHiiirai intngration i« stf*in ih* #rtin<* Mitjihd TJ r-n(3“4 for ^ 
awaretipus cif tht* pwhh'mti (if scicinitii’ t<ri«!n«tii'i;?y wfisiri*, tfain'<laNn%. j 

sieieiitiHls, Mtiidnnls and laymen i" Mwdctmf in "'fh*' j(K4m<n S< .rniK' Kdin .itnai,** 

I’arl ft (if till* iKKik atteiiipfi tn draw Mnahtgiai <4 <«ir 1« tu-i -ml. Jboii# 
of other countric*« which Inuc kwl ointilar difticnltn-i haw ilwHt 

fairly satisfactorily Of aiw-rwl inf''r<'«t tin* jo (1,.= 1‘ > ,s 

which has more tlisn tv dixon rultY hvn»j.w,?* ‘« Tin iK-rnl of 

enriching the lunKuagc of (he eeamlry widi <*('ii'rni>i<' teriOi" j< I'uihnt in (|* 
Japaw’He language, t'oiintric'* like ft-rael, Iri.hmci-ia and Tmrhov !*»«(■*(!<-« (rndwl 
to use their own language along with the hmue fomioiof Intt ratiiSfifoa! T< uiuuologv 
for iScieiitilie coiiirnunieatiou. asiHtautc kui u (iv >lt> {’lae^to to ha's! 

,efforts to irnjirov e tonrunoingy is ih’«iTil«*<nii auuihi-r «hi»|iKf Tlu rr m <s tmcful 
hibliograjihy of tertiiinologietil glussariea nt the end of lld% iiei n«n 

The information oontHitied in this taiok and th*' thought'* end of eiaiwBl 

persons expressed here will Im vi«-ful to our w tilers trantl»f«r»dt»4 wh« 

are meased in writing in one of the Indian Ungwagei. 
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1’1-fE SXOl^Y OE A S'rONK 


O N. WADIA 


•‘Oocl woikcth slowly :in<I ji Ihoitsand >cars 
I-Te liikcs !o lilt his liancls ofl Layer t'li Layci 
1 Te inatle tlie cai ih, fashionetl it and Inn dened it 
liilo (lie bi i^hl Liscful lliini* it is 

Its seas 1 1 fc-crocted and scml-h.iilowed lands 
He girdled with the girdle of the sun '* 

Once I had a conrciencc with li pebble, one of those very familiar 
obiects, which one sees cvciywhcrc around Jhclum and thinks no nioic of, 
and which the very donkeys that catiy them on their hacks hold in 
contempt Certain piirsuiis lu which I have been engaged fot some ycais 
past have cieated in him a sympathy with my mqiiiiy, and, m response, he 
enlightened me on the story of his past lie thus cxpiesscd himself — 

“JViy history is long, and the laic lhat I have to tell of a Jong life of 
restless advcntuies is almost illimitable My antiquity 15 ; to be mcasuied 
by periods too vast for yotn human coin- 
prehension, before which the most ancient 
recoids of man’s history arc but as events 
not even of yesterday but of the last hour. 

The Himalaya mountains and the sens 
that wash the Tndian shores on the cast 
and west, symbols of time and eternity to 
man, arc, in comparison wiih the aeons of 
lime that I have passed during my existence 
on this earth, mere evanescent phases that 
have come and gone without number. 

Within my c?<pcricncc, I have witnessed 
the birth and passing away of many seas, 
continents and mountains, and these, your 
impoitant land-maiks of ihc woild of to¬ 
day, arc the latest comers in a long line of 
such. 

‘“W^hen I was born, the woild was in 
Its infancy, and an altogether different 
world it was. I cannot exactly recall in 
detail the geography of the eountiy of my 

^ Repiintcd from tine Prince of Whiles College ^l/^aguzi^le, Jammu and Kashmir, December, 
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bn Ih ' I'hls nuicl 1 , liow u. V <.‘t , tjni le <_cf tain , Mi.it r nn cli i M' t lu * n i > i I h t>f 
1 nd m and Puniad cd tnd.i N‘ 1 .ty deep uitcK -1 11 ir v. ,• 1 1-1 ^ » -1 an < “ a 11 , l li-- nor - 

lb Cl n shn i cs < d sv b u li Ki y I at bL- \ «’ lul the plateau id c 'i • :p i .M A a a 11 s ■, f >u th¬ 
em sh oi cs lie fill cd a o n 1 1 non t in t ne st m l h , i h u b 1 1 1 I J ■ s a n i ^ a ‘.mill 
existim-iriai-’niLiit Thai «'tacc'liilpcrn,lvint. lb**i'*lan'li*t ( .\ltin, «>t ‘-'Mii-.c 

d itl n o l CMS t I ln.‘ n , 1 1, l oye l hi.‘ r r\ 1 1 h I li o 1 )ei- « . i n . b m n u 1 1 pa i I id a i • a i { i non t 

that St r c tolled fa i on t i \o other side < d 11 k- I <.| ■ la toi , I lov. f 11 \ cannot sa >’ it 

may he, t owa i il s hi a <.1 a na'»c*a i < >n t lie vs i si .i n* I j-V n ,l r a 1 1 . i < m i the «. a si ' I he 

one notable 1 ea Uii c cd' t h is 11 . lel ot land < *f w h u h I ha. v i* a ti ra i n‘ t f <-• nicni- 

brance, (hccvViisc, as you wdl ii pi - .anils, it '.v.i,c ^n.ieala I with iny 

par en Lag.e), \s ; i s that .i h i uh i a n pe i d‘ nu *im t .• i n > i .i n a s i i ' s 11 | i c > m i h '* s 1 1 c of 
the pi esent S ihyadr is t NN'est l. i n C ihais) to the nor 11 1 as l .11 a % i h .. Pa tnii s 
The AI a va 11 1 s o I 1 od as a I I' a vvea t he I ei.1 a lul s h I u n K i s 111 n a n l id that hilly 

pile. T'ho ch tse I o r I nn e ha s c'u t < I ec p i n (o t la n i a f al «' n I <) ^ l i j, n dust and 

dcbMshuiltn'iany<\i<.>clv-svstemcd Intlia I ludd vidiiri M:e iai:i.!i id il.'-iih- 
slanec and so do many <d niy eonyaneis in the lo.i" line ->1 v! • .. at 

“Such VNMS the as|ieet ol the plissual svoild id rnv das I In vs >i!d of 
living beings was sliaii*’c'r still, an<l I'ai ddl*is*nf lio:,i . n-, Mna' I hive 
& in CO behold Ft will wan t an clT . »i i of y.'! n 11 n e • i a ' 11 ■ ui t o i v i h e t ho 

pict UI o or Mint singularly dasol.itc and I la i i en v'. o t )d. 1 i s >i n \v h > v 1 1 . d I t lie 

vaiicd and inuUiiudiiious i ;i< os ol .imm ds '.v)i5..h irdiib'i ii to lay vvaio 
absenI. Thci c iiv'cre no r jii atl i ii pad .i nd no b • ea , t d* pies , no I nils Fn ohe 
the silence of the aM , nok anv of die t>i <lei > ot the i *• pi 1 1 a . hi o) a ih • ‘doom 
of the woods, I 10 fi vigs, no lishcs, even many <d tlie Ininddf' m v t i t e b j ales 
wci c absen t fro m tlie si len t d jop of the oc. a.m 1 hey we • o y a l to ba («or n ; 
thcir advent was but I’aiiiMv hamiUletl bv (Ira h'vv i n siy t n (ha n i. but univer¬ 
sally spread, lowly class tsf coral-hke animals and soma ci u naeea and 
slicll-fishcs, which lived in the sea rii.i land was even mote ihinha picopled. 
The hill-slopcs and plums wete clolhc^l vvilli a s vi i td v^apalanon lliat h.is 
its modern i ep r esentali ves in the lower sea-vveevK, nu'ss-as anvl !ai ns Pine, 
Rome of these fc*i ns and weeds did shoot lh.-ii arrop int bavids high 
in the ai 1 in the m innei of 1 1 CCS t>t today. bn r it was .i b i r i cn spK -ndonr 
only, for, they were devoul ofn.swci, limt oi so.'d such a. >oii hn a.v th*'m. 
Living tipt^n then scanty prothicts wcic .i lew aiimi iK nn alv t>j the in .ect 
arid worm chiss 

“ Pdo w as to my birth, I h ave s.i u! that on the bo i d e i ■. of i h ■ m ui i Ira i ii 
conLinent, i e th:5 tiaet csf cv>a iliy now oaciipic^l by th ' I iim il »is lav the 
Sea The bed of that sea wiis my biiih-phicc ‘Pile vhain o'c i>t the land, 
gathcicd by a lar ge i ivci that flowed across it, was disc h u ead, at us n u 
into the sea. fvlinglcd ui tins water wore loads cj f mud, sand and silt, as is 
the case with all running vvatcr on land Some geoh^uists, cuin^ii-, in ihcso 
matters have calculated the rate of waste of solid land by llie agency of 



THE STORY OF A STONE' 


3 


rivers and rain. They have found lliat one such river, the Oanacs, for 
instance, conveys 973,000 tons of such sediment daily to the Bay of Bengal. 
When you consider that not only the Oanges but other gieat Indian, i ivers, 
the Bi a hniapuLi a, the Indus, the Oodavaii, the Tviaibuddn, Llic [Ciishnn,— 
some of which cany even more silt tlian the Oanges—all assist in tians- 
poi Ling the soil..! iTuitcimls of the continent, you will leiihsc fiiat the waste 
of I lie hills and the 1 ai n s is cnoi inous, and will acl m it that, as Llic com bi ned 
results of the action of all the iivci:> of the globe, the level of the earth is 
being 1 educed one foot in. about every 6,000 years As is the case now, so 
it was in the p-iast. Tor in all inquiiics of this Icind you can laisc this as a 
cardinal principle (fiom. ns who liavc been the witness ofnatuic’s woilc 
since the earth’s infancy) * 'Iho Present is the Key to the Past. 

“'I hcrc, deep:) under the mantle of the ocean, I lay, a sheet of white 
sand. The successive floods of the i iver brought fi esh loads of sand and 
these were laid down over those of the last season in a thin layer. Layer 
afier such layer grew, as one tributaiy after aiiolhci poiiicd its ficight of 
sediment. It was while I was lying in this condition of loose, uncon¬ 
solidated sand, on the sea bottom, that I first made my acquaintance with 
living beings of the pDCiiod. They flitted 
about in the waieis, or fixed themselves in 
the growing sands, or crawled over them. 

Some of them were shell-fishes and star¬ 
fishes, some crustaceans and sca-lilies, 
others corals and sponges, then uncouth 
and piimtcive foi ms, m contrast with the 
same animals of today, I yet dimly remem¬ 
ber. Then dead bodies, dropped upon the 
last layer of sand, w'ould lie there till cover¬ 
ed by the next deposit of sand brought by 
the next seasonal flood. Then a cuiious 
process would intervene between the orga¬ 
nic and the inoi game, and by a slow chemi¬ 
cal molecular change, the oiganic body 
would be replaced paiticlcby pai tide, by 
the inoiganic substance of the sand, but 
still pi esei ving the details of its anatomical 
structure. Eventually that i clic: of the dead 
stone, to lemain there for ever in its stony sepulchie, to bcai witness to 
many an important fact and circumstance in long subsequent ages. TvTany 
such organic fragments, shells and skeletons were entombed in this manner in 
the bed of sand which was the parent mass fiom which I was derived. Some 
of us still bear such peirijied remains, which yon c^al! fossils ^—chroniclers of 
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I lie \\\c ai \ tl con' li lit )ns ^ n t hctT limes W'cll !l .e 1 > % ■ is, < .j a i al ,i a . vc >n call 
the m, c ( ni I) n uci 1 11 > i t 11 i u t mi.* < •' ci am >11 n i t. .i' h v « ■ 11 n , t i . ^ t .. • i r m i n ■_* <, i, i l lie 

ncxl oleic 1 , till in Ihe etui i si« o I' 1 ( mi n a- m‘ s :i 11 la. K 11 - . <4 • a a ■ • 111 a i a ii t! s of 

feel i o ml lot I. I 1 inlc I I lie pi es au «■ ol f 1 1.. o^ I I .. n " « n a . , lie- 1 1 > la ( ai i« I 

oldcM ) hells v\ c re c om pacUal .'mi i o n .■ 4 i < I a 1 1 • 1 i.n o a h, o 1 ? a ■ s lulil- 

1 1 ill i nii. w a tc i c. i i i \ I [ I V I I m\ I M nI I k n »11 s ' ol 11; i o a ^ i n i i > *. 1 1'. t d l i. t • l- a i hs ‘, i naes 

into the santl (ictK ; anil a<'lm>' a-, a Liinl I't et iin nl t>i ni.iliix, 

convci ted lh> t nu e loo ^c sad i n le nt s i n l o i li n d . . m p - a i t < u 1 \ , ! i ic h \t ni 

no\v 1 ceoc n ISO hv i ht“ n a 11 u‘ ol " a 11 ■ I a on e I 1 1 n \ < m • t.*- 1 1. ) I a . t i 1 1 n led 

OLil of die silt del 1 \ ed I i oui I he \s a- t hi'* ot die la nd . no ni >11 pa i t i > 1 v*. hit. h 

was contiihLitcd l^y Llie hill-slopi*-, .ni«l \.alh\- id. s «.l li e- \i u\,‘lh^ I'p l'-> 

now my d:i vs \e’e i e ]ii j 1] >s' f*i olcc t et 1 n r id • • i he ^ »\a-1 i ' I v. . 1 1 e i .. <*,1 11 1 • i ei I 

wilJi niy paienL mass, I was a siiam', , ni Ihe neo-i eiulri'* < hen'- • and 

iLii mo il of t hc' uio i y,..uuc w oi Id M }, h te- ot i. de > . . 111 i . n h n i! i.: c« 11! was 

yet to bej^iin 

•‘LJ]') to now ihe coni('av.. (etl ami ‘stiaiihcd* Ic.’d . (il ■ >lotc- \.v('tc 

lyinjj; 3 n the 11 t mi a m a I hoi i / on t a I po- 111< n *» , t i 1 1 .e ‘ i a 1 . il Then. 1 jy 
some far - I <‘.i<-liin.<j I (la n ic pi oi i. ss a slow i j ph- i ny * * I tic , i i i h i c ,-a n 
T'lu; s Li ata w Cl c c oin p t essed 1 1. .m iIk- *• i. ( w i .d . 1 1 . d hi liv d > '! 1 1 1 jock 

ma sses as w e wci e o u L oi dud i ot i •* ma 1 ho i i .n t .d .n u 1 1 . \ I t n i on s i n to 

cm lOLis misiable sii nt_ l u i t.‘s ol a 1 1 I k". ami t i t a j•,-b . A' • a i i a i 11 i!>. pu e of 

the u plica VI mi nun einen U w <.* hey a 11 h » i hum i 'e ot 1 1 i I d .e • 1 1. , »d i s p d I he 
ocean walci s , old Nept line slow!y i cli i ctl f i mn hi ^ old <n m n.: in , .u id s*. t v. ei e 
left high and d i y. In ii wane! (he sc-a - bed was I. -1 d ii e and i i m i \ e r le 1 1 into 
land, iVic new f abi u. beini,; «i piece addcil to ihe old -0111111 in i o n 1 1 lU ri l 

“ Plieiu^inon a so \voiul e 1 1 u 1 .is die* 11 pi r c of the -a a 1 1 o 11 > ' i n hi hum 
new land is dilVicLdt to coneeiv'e, aiul v«>n ai«.‘ naliii.illv , i s i o n i u I w*d Ml the 
magiiiludc of Ihc operations involvctl Ihil look atiMiiid >’ou ain .1 see 

whcthci the picscnt. yeo^iapliy < 4 ' ihc woihl tlipcs ruat picsiiit - ome 
idem ical <?i jTiai a I Id lahc n on 1 c n ii I Ii,* i c .1 sun n ui i ■ p 1 ihc- same p i 1 n i 1 pic 
of inquiiy, obsci\'e llic woikinys <.»! Nalme (oda>', .iiud \oii wdl liiul a cine 
to Its opei al ions in llu. past Mas not da- co.isi ot S'.siihri f'n many 
liii nd I eels of miles lately 1 isen out of t he < 11 d f ol I io l h lua I In., eoast cif 

Sibci la, cast of llic I,e na, lor ovci 600 m dcs In is i ist n out i p I the sea and is 
still risi n e d lie caste i n ami so n t hei n boul e i s ot Japan a i e n n d'* j $•< > 111 y a 
slow elevation, witness the niaiks on iis be.idies, ask its fi.hi inu n .iiul 
sca-captains T he same distni bance td' the ie!ati\c le\i. I i>i'-,ea and land is 
felt along extensive liacls of U.ibiiuloi, New 1 o u ml I a n d and < ; 1 ccMiland 
But why ci'wiesL so farV hlavc not smiikii thinys haj-iju-Mied v/illnn hisloiic 
limes 111 India? Large aieas, once I'anioiis Iiistoiie sites, base hecn 
submerged undci sca-walcr and convei ted into an inland sea, and «.)lher 
areas elevated beyond the reach of the waters to foim nicmnds 
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“"I hc coast of T<atliiaw;M, the cast coast of the Island of Bombay and 
tlic Klonlcaa coast bear marlcs of recent altcmations of the relative level of 
land and sea, and later still, though on a laiger scale, arc the changes in 
A^ssam and Ohittagong But you must not imagine that these gicat 
geographical icvoluLions vveic accomplislicd in a few years or even cen- 
tufics or that they were brought about by violent oi spasmodic action. 
Tlicy wcic cxticmely giadiial and protracted processes which look ages for 
their consunmiaLion. A liundicd gcncialions of living beings roll away 
bcfoiG their effect becomes peiccpliblc. ISluluic diaws unlimited cheques 
on the Bank of T-’ime- 

“Our time of trouble had begun- After the fiist flush of joy at our 
emerging into light and day we began to pciccivc our tciiibly exposed 
situation. R.ain and frost, wind and cold, the insolulion of day and night 
and of summer and wintci, all these melcoi ic agencies began to tell upon 
the cohesion of the sandstone beds which 
composed the newly made land 'Time, tlio 
gicat agent of i um, lent its insidious aid to 
these forces Pcicolating water, cairymg 
with it dissolved gases from the an and 
acids fioin the giouncl, loosened and dis¬ 
engaged the constituent particles f i om. one 
another cind we soon saw every shower of 
rain that fell, after seasons of drought. Gai¬ 
ned away with tt tons of sand and other 
disintegrated mattci fi om us. Cracks and 
crevices appealed ; they widened into 
fissures and admitted more air and water 
'—the two chief agents in rock-decomposi¬ 
tion into deeper parts. Another factor 
which helped in alteiing the surface was 
vegetation, which had taken hold oil the 
ground and spread on it. While at fiist it 
seemed to piolcct the suiface fi om llic 
atmospheric wear and tear of the ground, 
by means of its vaiious oiganic acids and 
the oxygen, and caibonic acid gas of the 
an which were introduced into the sub¬ 
surface by the mechanically pencil ating roots and lootlels it produced a 
layer of rotted lock mixed with the debris of the vegetation, — the soil. This 
growing soil-cap by supporting vegetation more actively only acccleiated 
a furthci disintegration, of the layers deeper and deeper. PvTcanwhile the 
rains of all these ages had woikcd a maivellous change on. the oiigmally 
smooth, uniformly sloping surface of the giound. The precipitated water 
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in descending to lower levels exjt (unnels ; these, ^;aihcruit; had for¬ 

med unto streams, wliich jc’nned to foim livulcts. By vvcaiintx cuit. the softer 
parts more i eadily than the harder, anxl hy Ciili ni.? in tt> tlic sU>p» pai t s more 
actively than the IcncI tracts, it lircmj’lit fihtuit j netj iiti 1 it ics m the 

nally uniform surface. In vshat was emcc a le\cl plateau, hit>llt)ws and ii<lges, 
mounds and dcpicssicms, hills and valleys were caixcd oxjL hy the encTi>y of 
the I unnijig water as by the chisel of :i sculptor. I.aiidslips s\erc pi ccjlaled 
along slopes by the lubricating action c^f pcrca»laiing walei along ci ack-plaiies. 
Xhus the denudation, by ilxe atniosphcitc jigcncics cIkii'icccI the fiicc of the 
new land and gave to it the ordinary worn rtspccl which is sxicli a icatxire of 
land scenery ux all parts of the world. Ol course all tliis went on xxs the 
normal routine of Naltirc, taking vast measuics of time and just as natu¬ 
rally as you now sec things going on iirountl yt>u. 

“In one of these laixd-slips I was thrtwvn fiiiia ii hill side into the 
valley below. Thus detached fiom the parent home imcc and for c\cr. I 
lay in the fallen debris, a roxigh-hewn shaip-cdgcd, niiissiNc hh ek of band- 
stone, utterly unlike niy present diminxjtivc shape. ’I mie rolled away. 
Toircntial streams swept us along? the river coxn.sc. f.'ach ic'ating dcliaclo 
in rainy season carried us along with other bUeks, kntwking against 
one nnoilicr and against the harxl bed of the siicam. 'Ihiongh new 
scenes and new lands sve were loUcd along and ruhhctl and setnned till 
even the hardest of us lost our oiiguial form and nscic rceliux'd arxd 
rounded into bculdcr.s. IMow stranded on sx:nu'sbinglc hank, now diopiicd 
for a lime on some sharp bend, now left liigli and cliy ti U>ng sxiccc.s- 

sion of rainless sximmcis’ nx the parchcd-iip hex! cd the ri\ci, ihc ruililoss 
transpoi t ccntinuccl. Tvcntxially we rci.chcd ilic shores of xlic sea,- ihe 
great ‘Tcihys sea’ of geologists, which sticlchcd fn m the eastern exlicmity 
of the Himalayas to the noilh-wcst as far as the wcstcin limits xif the 
Swiss Alps. There we were earned and dropped into its i hallow waiters, 
together with myrixxds of other boulders, pebbles, sand and other dehi is. 
Once more on the bed of the .sea, we were cemented Into i he rock called 
conglcmeratc. Ages pas.s aw'ay, the gicatTcthys Cas this ai^cicnl Ilirnalayain 
sea is named) vanishes for a lime and the r<jcks laid dciw n tm its boii<im arc 
uplifted and converted into dry land, 'l ime and the weathci ag.ain i.U> tlicir 
appointed txxsk and after coxintlcss ccniurics we are t>nce more ? ct at liberty 
as loose stones and boulders, but only to be made again tlie; sport of 
rivers and of the waves. Passing thiough these, we find oxirselvcs once more 
on the beach of the Tethys which had returned to its former coasts after its 
temporary regression to the north. There, sxibjcct to the fury of the waves, 
burled high in the air along their crests and rammed against the abutting 
cliffs, we worked our way once more beneath, the water. Rounded, by the 
constant rolling, reduced in size by the perpetual attrition, but otherwise 
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imchanged, I yet held my owjt. But this ceaseless wear and tear had by this 
time ground into dust and sand most of my conirades. Thanks to the cry¬ 
stalline structure and inherent hardness of 
my grain, this fate did not befall me. 

“Once more I became sealed up in a 
hard rock-bed. A. great depression of the 
bottom of the Tethys commenced and con¬ 
tinued for long periods which carried us 
some thousands of feet below the surface 
of the earth, A thick scries of strata was 
deposited over the slowly sinking sea floor, 
and we lay in complete oblivion of every¬ 
thing in the deep plutonic regions of the 
earth’s crust. Pressure and internal heat 
of the earth imparted to us a new grain 
and molecular structuic. What vast aeons 
of time succeeded since I thus lay deep in 
the bowels of the earth, and what the his¬ 
tory of the earth may have been dui mg 
these epochs, it is not possible for me to 
tell. I can only say, that period was long 
enough for many widespread and striking 
changes to take place on the face of the 
globe—many lands with their highlands 
and mountains weic denuded to their 
roots, many new riveis, valleys and lake-basins were formed, effaced and 
reformed ; the coast-lines of all the countries weie changed beyond recogni¬ 
tion ; in a word, the whole geography of the world was profoundly altered. 
In the learned language of Science, this era during which T lay perdu is 
known as the IVIesozoic cm of the Earth’s history and repiesents the i^assing 
away of three great divisions of geological time—the Xriassic, the Juiassic 
and the Cretaceous. Tlie next succeeding era—the Cainozoic—was ushered 
in by a great reverse movement of upheaval of the sea floor, which put an 
end to the conditions of the IVIesozoic times ; the Teihys was driven back 
by the steady uprise of its bottom and finally obliterated, leaving behind 
only the modern Caspian and the IVTcditcriancan as its shrunken relics. The 
stiata were wiinklcd and plicated into earth-folds by the gigantic up-lhrusts 
which ensued. The forces of Pluto were gathered underground to produce 
the last and mightiest change on the face of our planet — the upheaval of the 
Himalayan chain of mountains on the site of what was once the bed of the 
Tethys. Scarcely was this revolution complete and the forces of Nature 
were settling down to their equilibrium, when the claw of the weather dug 
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me oiiL c:>f the rock-bed, on.ee iniairi to pJay the p^n t a lollin.iz stone and 
repeat my wandoiinys ulon^ the sea-beacti «»i the livei-betl I will not tire 
yoin patience by deiailinji nU my doiiitjs since theti. Incf • ant and never- 
ending chani'c sccxnccl tti beniydedniy. 'the r^dhiip, toiinthne and ivttn- 
tion, irt rivers arid loricnts oT the new inovinlain'', ssent on, tnltsUs and with 
long pauses, till at lonjUh I leachcd the ccI.ih* tW' the* 1 1 nn.i!.!.> a-'. biivid 

estuary was then coven ing tlie site t>f tln^ pioscnl Siv.:dik Itn't hills of the 
Punjab and aiiu'nig the deposits lh;it wcio r<nrnjni* llicie ttmt cd lho debris 
of the newly risen Ilimalayas) I wits <lr<'pjn*jd my Lo t sl.iiix>n and present 
resting place—:it the idcnticnvl spot you disco\eieci n%c in. 

“ 1 bus I came to a brief respite fiom the WcUtderinys of apes, but my 
j'ourncy’s end was not yet. 

‘'A.niid all t7\y peregrinations so far, .since the infai^cy «'l the earth, 
what worlds of living beings both plants and animels, I have bela id ! I.et 
me tell you biicHy of sonic of the iiioic lernaikaldc of the c inhiibilants 
that successively peopled the ctnlli In the cinlv ] t it td tl:c nairtiii\cl 
have told you of the impovoi ished condition ot' the wcnld when I was born, 
in the era, knowni in Cleology as tlu* I*aIco/c»ic eia. All the (u panic trea- 
w tiori was then primitive, simple and gcncialised, in eontrast ^vll)l the varied 
and more spcoialisod fauna and Iliita of today In diem, it alnu'si seemed 
), IMaturc had tried her ‘pi en t ice lian'. * I hit as tins t .me pas* cih new a ninials 
appeared and the older tribes died i>ui, never :»pain (o appear, f >fre m>iablc 
- _ __ _ feature of these successive cic atious was 



the pi<MMc*‘.sj<n f'icni Ir wci iti liiphcr typos 
of aninuds as well *is plants ; .* peeles nuilli- 
plled and ihepcncral ti tal ot hie rcirins 
became nioie vai ied but less co* nioptshtan. 
The first iinj^or tani aclv tinee, sitacc m> days, 
was the appcaianeo of I islies t>f a great 
V'aiicty of sixe and slruciiitc 'T hey were 
ciuite unlike the modern fishes, and their 
curiously shiipod bothes \%Lie encased in 
large plate's of bcaie. Passing, beyond the 
‘age of I-'ishcs,'* the next t eiiuii kahle pei iod 
- - the <’ai hoiiifer tuis periovl of p,cc»logical 
history vv’as one in which I'rog-hkc crea¬ 
tures appeared for the lii.st time. "I he 
landscapes of the time were being rajiidly 
changed now by the profu.sion c*r vegetable 
life, which flourished in rank iibundance, 
thick matted jungles of fern axvd horsetail 
on every fool-breadth of the soil. 
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Cut froTii these woodlands any thing higher than the seed fern type of vegeta¬ 
tion was absent ; their gloomy monotony being broken by huge frog like 
creatures—the highest class of animals then living—that hunted them. 
Xheir dispropoi lionate and ungainly hearing ill suited their dignity as the 
monarchs of the animal world. This pei tod of vegetable supremacy having 
closed with the Carboniferous, there next came a period, in which enornious 
Reptiles were the order of the day. Cut of these times—the Jvlesoyoic — I 
have no personal knowledge, being buried in oblivion deep under the 
bowels of the earth, as I have just said. My neighbour, this block of lime¬ 
stone, is of Jurassic limc'.lone parentage and tells me the story of his limcs. 
He even possesses, entombed within him, many pi ecious rehes of the life of 
those days. in the air, on the land, and in the water there were reptiles of 
monstrous sizes and shapes- Those weird, uncouth giants then fulfilled by 
means of their various structuial adaptations the olhces now held by 
mammals. You cannot imagine a lizard as large as an elephant, yet the 
I^uanodon fully equalled, if it did not surpass, him in size. One singular 
creature—the PU**:io<auyus —was truly the monarch of the seas. With tho 
head of a crocodile it carried a neck which 
lesembled the cntiic body of a python, a 
trunk like a bison, the ribs of a lizard and 
the paddles of a whale. A hsh-hke dragon, 
the dreaded [chtliyo.^aurus, more than 30 
feet in length, traversed the depth of waters 
in search of food, that half killed its prey 
by the stony stare of its eyes, which wcic 
sx full foot in diameter. Winged clragons. 

Ihe , careered ihiough the air 

and filled the landscapes with their curious 
forms. The Jurassic and CTretaceous rocks 
of all parts of the world are full of proofs 
of what 1 say, for they contain enclosed 
witfein them the pctiificd bones and other 
remains of all these strange creatures. 

“'But before the Mesozoic era closed, 
this over-grown class of jcpliles had all 
but passed away. The very advantages 
which gave them superiority over the other races in their day, viz., their large 
size and highly specialised organisation, unfitted them to withstand tho 
rigours of altered circumstances which the succeeding age brought, and they 
lost in the keen race for struggle for existence against the Jess specialised 
but more hardy and agile races. Before they became extinct, a new and 
higher class of animals had emerged on the stage of creation, the class^of 
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Birds Wonderful :is tt may sound, ihc birds orijiuiatcd directly out of the 
reptiles. First there were bird-Ukie reptiles and then there came true birds 
_ *'**^**^ Willi several reptilian characters. 

^^The /list .such type tlmt arosc -lhe one 
sws^ X., ' known as, in the barbarous 

tei niinolotty of i;e.>U)^»y. had, instead of 
. \' the iiraceful beak of the livniji,’ birds, 

V/ rormidablc ja^^ s. set \vith rows sharp 

teeth, and possc'^sesl a loiiij; tapcrini^ tail 
like that of a h-'ard, 

**l'olloss'’e<l the C'aim>/-oic eia -the 
> creabiui with many Hv'ing 

) ,1 ordcr.s i-kf animals anti plants, the era in 

iFt?V »- * which imn^ense ?vf:immaK were the kings 

' ' ' ; ^ «)(■ the c;u th. Ihc oltl-worUi farmhes and 

y ' ^ t ordci s i>r lishe‘s, amphibians, reptiles and 

^ j ^ birds had bsicomc extinct and their place 

* ‘ r^. \ \ ^ 1 ^ was taken by ncwei ami n u >i e nit idem 

' . -^ -'.V'' w5i hirms. I hc earliest pi't>^\cnitt)r,s of the 

’ / ^ mammals were the Marsupials and ihoir 

'r . ■/ ^ ^I/ " _-_- iihies. rhese early riu.ulrvJpcils had coin- 

1 ,''-* y X'J'! **^ *~ ‘ bined iii them eharacleis and structural 

- '* * ».* plans ol many wididy separatetJ tirders 
which weie ti> v^.^me later in time Buch 
succeeding epocii intrciduced new forms more iinci more like the living 
denizens of the world of today. Xhc great earnivors* horse, pifj, camel* 
elephant, rJiinoccios, hippopotamus, cattle, deer, and ape clinic in due 
time ; the grand march of life continued, till almost at llie cU>se of the era, 
came Tvlan at the head of the procession, the last-eomcr on ctirdi of aU its 
animals. Tvlan*s entry on the stage of the wx^rki was eo-eval with an 
extreme change in the climate. Sheets of icc covered the northern world, 
while even down to north Punjab, rivcr.s t>f ice llovvcd down draining the 
vast ice-caps of the highlands, Xhis rerrigernlion sU>\s ly cniminiited into 
an Ice Age for the wliole of the northern world down to the latitmie of 39 
degrees, as the I“limalayas comi^lctcd their elcvatiou. Xhen the ice slowly 
retreated and the climate became milder. 


I 


“In the preceding nai rntive I have given ytiu a hi ief outline of my 
autobiography. Iviy future I begin to perceive dimly, though yet in a far 
distant age. Do you hear the roar of the river water V It i.s the requiem 
being sung by it as it carries many of iny brethren to llicir doom 
—their dismemberment into fine impalpable silt. The stimc ftde awaits me 
as sure as death. For look at the river-bed and you will discover wliat is 
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going on there. Myriads of the boulders and pebbles fi om this place are 
torn from their site by its hundreds of tributaries in the monsoon, and 
are being carried away grating against 
one another and against the floor. They 
are pushed on till the burden is transported 
to the Jhelum, to undergo the same grind¬ 
ing ; till the Jhelum in its turn transfers it 
to the Indus. There mingling with its own 
enormous load of sediment, washed away 
by Itself and its hydra-headed tributaries 
from the uplands and plains of northern 
India, it is propelled onwards. Big boul¬ 
ders are reduced and rounded into small 
ones, these into pebbles, the pebbles are 
again ground into sand-grams and the 
sand-grains are still further reduced or 
decomposed into the finest particles of 
silt and clay. When the Indus’s journey 
is finished, the whole freight is discharged 
at its mouth into the Ai abian Sea, pebble, 
sand, and silt, there in its tranquil depths 
to rest for a time in horizontal sheets and 
layers on its floor. Out of these are 
formed the future sandstone, congol- 
merate and shales, the bricks and mortar 
of new lands. These will, on some distant day, be uplifted from their 
depths, and out of their ruins again, will be built newer lands, moun¬ 
tains and continents. Thus the process goes on in Nature in a never-ending 
cycle, decay and renovation succeeding one another as they have done again 
and again in the past, as this narrative of my humble—because of a mere 
stone’s — existence has shown you.” 

Reader, in this story of the humble pebble of stone we have learnt some 
lessons in Geology, and got some insight into the hidden ways of Nature. 

(P, S.—The pebble, file subject of the above narrative, is of white quartzite of 
older Palaeozoic age occurnnB in the Plr Panjal range of K-ashmir. Such pebbles 
occur commonly in the Siwalik. deposits <latc Tertiary) of the Himalayan foot¬ 
hills along their entire length from the Punjab to Assam, —D. N. W.) 
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The first public arinoLinceiiicnt of llic Tati that in;m Iittil cliscoiciccl a 
hitherto untapped and very powcifill :.oiir< e t»r eii,ii )'\', was unforl unatcly 
made in very tragic circumstanees. On Anytist C», t!ie tf S. A. 

dcinonstra led the possibility of usinp luicicar eneri'y in waitaie i->> tlroppinga 
nuclear bomb C><i common pailancc calleil the titomic bomb) on the 
Japanese city oF Tliroshinia. 'Ibis one lioinb in \sb: h the esplosive 
material was only tiboiit fit) kp., was eipial. in e\|>)os;ve eneow, to neatly 
20,000 tons oF a chemical explosive hks- I N I'. Since then tin; t.' S, A., 
C. S. S. R. and tJ PC. htive tcMeti hytlronen bomb-, ssb.uh. tn explosnc 
cnerpy, represent a IhonsandFoUl ineica'c o\er the ca.’lr-.i" iiiiileai bombs. 
Thcencipy rclcasctl in the fust test ex|iloMon oj a liv'd i eon bomb in 
Match iy54, was largei tlvni all the e\plo.ivc eneipy tele tsed hiiheito in 
war by man in his onlirc histoiy. 'Jhis 1 1 enieinl ous tblF.-i enee belween Iho 
energies lelcascd in the nuclear and cheniic.sl exphi-.ii >mt is liiie to the 
Fact lliat the souices oF ciicigy in the iwai case -i me I u.-uI.uneniaUy 
diFTercnt. 

These days, in a number oF countiies, a lot oFetToil ts bemr; made 
at producing electrical energy From this new souice ait.l in a Few deeaiies a 
good Fraction oF the total energy consijtneil in any country may conic 
from this source. It is IlicrcForc iniporlam to understand what this new 

SOUICC IS. 

Wll.vr IS KUC't.PAR 1 NI Rt.y 

All matter consists of very liny particlos t ailed nlnitts. An titoin itself 
consists of a central, positively chargotl coic calletl the nui /tvtt. \\ nli nega¬ 
tively charged ffcc/roris revolving lonnd it. 'I'hc ni.iss of the atom is .almost 
cniircly concentrated in the nutlciis. "Iho micletw, in its tiiin. is caimiioscd 
oF two types of panicles, /iiiUi/nx and twiititins. '1 he iMolons ctirry a 
positive charge (equal in magnitude to llitu of an electron) but the ncnlions 
arc unchaigcd particles. Since an attini tts a whole is eleciiieally ncuLial, 
the number of electrons in the outer otbils is cqLial to the number of 
protons ill the nucleus :md this nurnber is called the ntunjic ntiinhi-r. The 
total number of particles, both jirotons and iiciitron.s, in the nucleus is 
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called the mass's number. For a given atomic number one can have nuclei 
with different mass numbers and these arc referred to as isotopes. Since 
the chemical properties of an atom depend on its atomic number, the 
various isotopes of an element are chemically indistinguishable. 

Any particular isotope of an clement is indicated by attaching the 
total number of particles in the nucleus Ci c. the mass number) as a 
superscript to the chemical symbol. Often the atomic number, i c. the 
number of protons inside the nucleus is also indicated as a subscript either 
to the left or to the right of the chemical symbol. For example consider 
the two important isotopes of hydrogen, which arc iFl/*- and = lO”. 

Xhese differ in the fact that the heavier isotope, usually called 

deuterium, contains one proton and one neutron inside Ihe nucleus, 
whereas in the lighter isotope, there is no neutron in the nucleus. 

Water m which ordinary hydrogen has been replaced by its heavier 

isotope iD® is called heavy water. Another impoitant example is that of 
the two isotopes of uranium, ^2X3'^^ and oaXJ-"®. Both htwc the same number 
of protons (’92) but the number of neutrons arc, respectively (235 — 92 = ) 143 
and (238—92 = ) 146. T^atural uranium is a mixtvirc of nearly 99.3 per cent 
of and O 7 percent of eaXJ*^'- The technological difficulty in separating 

oaU-®® from natural uranium (the separation requiies physical processes) 
can be gauged ftom the fact that whereas the price of natural uranium is 
about Rs. 200 per lb , that of pure 02 X 3 "®® goes up to about Rs. 50^000 
per lb. 

A nucleus may be stable or radioactive, i.c. it may spontaneously 
give off an a-partic!e (I-Ielium nucleus) or a ^-particle (electron) and tians- 
form into a nucleus of some other clement. Radioactive nticlei also emit 
T-ruys, which arc analogous to vciy Iiigli energy X-iays. In a large dose 
all these radiations are harmful to life and may even prove fatal. 

Apart from a few radioactive elements like ladiuni and uranium 
which occur in nature, most of the others arc produced artificially by 
bombarding stable nuclei with high energy or-particles or protons or 
neutrons. While studying the diffcicnt nuclear icactions it was discovered 
that when uranium is bombarded by high energy neutrons somclhing un¬ 
usual happens. >1 uranium nucleus breaks up into two nearly equal 
ment.s releasing a lot of energy and two or three high energy neut rons. Tins 
process of the splitting up of a nucleus into two neaily equal fragments is 
calied yi's y/<7/7 The fission fragments arc highly radioactive. The energy 

released in this process is so great that if a gram of uranium were fissioned 
completely the energy obtained would be about the same as got by burning 
a. ton (=10" gm) of coal. 

Soon alter the discovery of fission, it was found that when very high 
energy neutrons (e.g. those produced in fission itself) interacted with Id""*® 
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nuclei, in the majorily ‘.■»f cases (his let! lc» lission. t)n the t»(hcr liand their 
interaction with tl\c U*^’’ isiUc>pe iesi.iHet.1 m lissi»>ri r>nly in rare cases 
(in the rnttJoriLy td' cases the nentri^iis ;iie vcvittci». t,l \%ith a much 

reduced energ;y absorhs’tl to pr<?siucc the is<>tt'|'e t I'or slow 

neutrons the situation is veiy UifTcrent. f ttout*h I? *’ ahsorbs these neu¬ 
trons about just as well as it deies the T.isf «'nes, tlu* fiss.n>n ot this is<,>tope 
by slow nciilf on is not at all t>t»ssible the iihsi>rpli\e ptover of 

j,io\v nciilrtuiK is a few hniulfccl imies larper than that for fast 
neutrons, irnplylriix that sUewv neutrons iiic '.ciy niucli niore cll'cctivc in 
causiiiii the lissitni oftliis isotope. In other words, tf oirc could sulljciently 
slow down tlie fast noutron.s (producevl in the l]''sic>n piocessl Elic chance 
of these neutrons causint* iissiv^n of 1.1 •'* \n<»uUI incre^tsc a few hundred 
times. One cOTiset|uence of this is, that (houch in natuiiil utanunn the 
isotope is tibout 140 times iiioie abundant than the T.J ’■ isotope, 
it is the isotope whic>\ absorbs sHphily incvie neutions than 

docs 


c'lrAiN Ki At'lios; 

Since lission is caused by neutrons and in each hssion pit>eess 2 to 3 
neutrons are again liberated, (he questi<»n aiises if a tnass of natural 
uranium can maintain it &e/J~.su.srtnn<'cJ vhtttn rt'eicfinn^ i.e if it can re¬ 
generate, in a given time, as many neutnms as aie rcinoN'etl lioni tlie sy.stem 
by absorption or leakage. 

The answer is-—‘No*, To mEiincain a chain reaction it is necessary 
that the number of neutrons causing (ission sliould imt duninisli. Because 
of the presence of 99,3% of isotope in natural utaniinn, which 

absorbs neutrons but rarely undergties lissitm, toti many netitrt>ns are 
removed from the system wiiitout creating new ones, Iheie aic ivvt^ ways 
of overcoming this difTlcuUy. One is to take a mass id' almost pute 
However, if this mass is loo .small, a huge fi'acuvui ol neutrorts tnay e.scape 
out of the system and too few may be left for absorpthm in uranium. 
Since one expects the fraction of neutrons absotbed tc» be roughly propor-' 
tional to the volume of the system (assumed stihetical) and the fraction 
leaking out to the surface area, we can increase iho relative abst»rpiit>n by 
increasing the mass of the material. (The volume ol a sphere incieases as 
the cube of the radiu.s whercavS the surface area increases tmly as the square 
of the radius). The voUxme that will just .sustain a chain reaction is 
referred to as the critical size and the corresponding mass t^f as the 

critical mass. 

A.S mentioned earlier, slow neutrons are highly efTective in causing 
the fission of In case one wanted to establish a chain reaction using 
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natural uranium, the only possibility is to increase the relative effectiveness 
of U=35 t,y slowing down the fast neutrons emitted during fission. When 


• MEL/TRO/V 



Ftfi I Chain Reactton 


a liigH energy neutron collides with any nucleus, it loses some energy and 
the fraction of energy lost is inversely proportional to the mass of the 
nucleus. A. neutron will, therefore, slow down rapidly t>y collisions with 
nuclei of low atomic weight, like those of JHl, O, Be or C. Por example, a 



Proton 

FiS‘ 2, (a) yin atom of" Hydrosen 2 . (f?) Mn atom aj" Deutet^tum 

neutron on the average loses about ^/e* of its energy in a single collision 
e is a universal constant like tt ; c =* 2.7183, 
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with II t wliile in the case t»r caihon nuclei the cncrj'y oT the neutron 
would go down by the same factor in 6-7 coIhMons.. I he medjuni which 
is used lo slow down iho ncutrions is callctl wt r \S^hcn neutrons 

have attained thermal equihbiiiim with the att'ms the rnodciatoi, they 

are rcrcitcci to as f/u'/rtta/ or ru':i/r<in.\. 

Tfius to jjci a self-sustained chain icaction wnit I'.atmal uranium ono 
must liave, in addition lo tfte lissilc inateiiil» uraniuni (also called y'/ve/). 
sonicolhci matetial for slosvinj:. cKiwa ncutit>ns i e. a inoderati>r. Any 
assembly of fuel and modciatcir (cir for that matter an ic-*• ettili^ly of pure 
fissile material) sshieh is capiablo of mainlaininjt a j o» f-sustamed chain 
reaction is called a rt'./cror or /n/c. It turns <.nu that a lu>moeeneous 
mixluie of natural uratiium and |ir:iphile will not sustain a chain reaction, 
wlieicas a suitable lietcr openenus asscinhly \s lU. Such an assembly is 
realised, for cxami^le, by bas ing; uranium rt>tis crnbetUScd in a piaphhc 
block. 

tRlIK'AIIlY C*C)>iniIUJM 

bet us start with a thermal neutron. Suf>po>e U is absorbed by a 
uranium nucleus. On the avcrap.c more than <>nc Ticutron nnset he lU'otluccd 
in thi.s process if the cliain le.iciion is to continue 'I liese i.entiiuis are fast 
and will have to be .slowed tUiwn. In ihi> process of s!os^ mp there arc a 
number of hazards that neutrons have tr> face Some may be ubseu hed itt 
the model ntor, some may lotik riut and so II si;n linp w iih one thermal 

neutron and lhr<.nu;h the ci^mplete cycle vvo cntl up ilh L thermal 

neutrons, then the conslitlon foi critic.Uiiy is ob\iousIy 

k 1 . 

If k is less than one, llicn the number of neulrt^ns in the ‘next 
generation' will be less than in the present generation tind ^oon the reaction 
will die down. If k is greater than uriiiy, the number ncuiroits will go 
on increasing with succeeding generations and the icaciot is said to be 
supercrirfcal. Only when k 'I, the chain read ion proceeds at a steady 
and constant rate, since the number of neutrons in all succeeding genera¬ 
tions would be the same as in any one generation. 

Xo get a clearer idea of the relative importance of the %ajic i s prt testes 
in a neutron's life-history we consider the loHowing 'ncuuc'n \ alar.ee tb.cci* 


for a graphite moderated reactor : 

Average number of neutrons produced per fission of 2.56 

Neutrons absorbed in non-fission processes 0.9 

Neutrons absorbed by moderator 0.3 

Neutrons absorbed by structural material 0.05 
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Neutrons absorbed in in non-fission capture 0.2 

Neutrons escaping from core 0.09 

1.54 

Neutrons to maintain cbain reaction 1.00 

2.54 

Excess neutrons 0.02 


Xtie above numbers are for very pure materials and even in this case 
the excess neutrons are less than 1% of the total number of neutrons 
produced. It is therefore obvious that great care has to be taken in designing 
and building a graphite moderated reactor. A. neutron absorbing impurity 
like boron, if present in graphite in such small traces as a few parts per 
million, would, not permit the reactor to become critical. 

The neutron balance sheet is much more favourable in the case of 
heavy water moderated reactors. 

CLASSIFIOAXION OF RJEACTORS 


So far we have talked of three possible types of reactors : Ci) of a 
homogeneous mass of pure XJ^*® and of natural uranium with (a) graphite 
or ip") heavy water as moderators. We now consider a more general 
<|uestion of classification, of reactors. 
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All reactors can be elassibcri bri'awUy three lypus (i) fast 

(ii) jiitcrmeciiatc and (iii) Oacrincrl, £»ccor*^Jinit to the cncrijy of neutrons 
which produce the majority tif fi-.sit)ns t )nc can furiher snluliv'ulc each of 
these classes into (a) liontoneiicous and (/») hctcMo.rcrictm*-, :iccording to 
the distributum of fuel and mrnleiatoi in the siNiein. I he fuel used may 
bo natural uranium, uranium enrichetl in IJ • ' I'ttli'pe. pure XJ isotope 
or even o..XJ t)i .,iPu"“’'* (f*u l^Julnniuiii), Tne modei.itor material may 
be graphite, light (oi ordinary) ssaier, licasy staler, hervilium or beryllium 
oxide. 'I'hus, foi example, the iirst reactor ssc ss<»ulti s\4ll a f.ist homo¬ 
geneous LJ rcactc'ir wlicrcas the soeond vvouUl He described as a 

thermal heterogeneous graphite modoiatc<l natural uianimn leaetor. 

r‘Aru.i-‘ T {Sosu !.»<» I<»i*i . 
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THE LIFE ANO WORK OF NIELS BOFIR 


V. S MATHUR 
Z/niversify oj'Delhi 

Since the time of Newton, our iinderstandins of the physical world 
lias undergone revolutionary changes. At the turn of the century, physics 
was in a fascinating chaos. More and more questions were asked for 
which the simple Newtonian mechanics had no answer. Blow after blow 
had shattered the foundations of our physical thought, Albert Einstein 
advanced his famous theory of relativity, which overthrew our age old 
concepts of space and time, and proved that matter is energy. On the 
other hand. Max Planck showed ihat the woild of atoms did not obey 
the same laws as the physical world of our everyday experience, and thus 
ushered in the era of what vve call the quantum theory. The synthesis of 
this new concept, and the development of the new mechanics was not the 
doing of any one man ; it involved the collaboration of scores of scientists. 
*But% as Oppcnheimer recalled, ‘from first to last, the deeply creative, 
subtle, and critical spirit of Niels Bohr guided, restrained, deepened and 
finally transmuted the enterprise.’ Niels Bohr has left an unmistakable 
imprint on the 20th century physics. 

EARLV LIFE A.ND ACHIEVEMENTS OF BOHR 

Niels Henrik David Bohr, was born in 1885 in Denmark. Even as a 
boy, he always wanted to be a physicist. In 1912, he went to Rutherford’s 
laboiatoiy in Manchester, England, just after RutlieiTord had explored 
the structure of the atom. Bohr, wuh his characteristic ingenuity, imme¬ 
diately developed a theory of the atom, which later on won him a Nobel 
Pi izc. In 1920, Bohr oiganised the Dnivcrsiiy of Copenhagen Institute 
for Theoretical Physics, which quickly became a kind of scientific shi me, 
attiacting the best students from all over the woiId. ‘The unique and 
exciting feature of Copenhagen,’ wrote Wheeler, one of Bohi’s best students, 
‘lies in the stimulus that Bohr gives. 1 know of nothing with which to 
compare it except the school of Plato.* In 1939, just before the start of 
AVar II, Bohr made a trip to the U.S A. He had just heard that 
some German scientists had split the uranium atom. This was atomic 
fission, and Bohr realized the danger if the Nazis were to build an atom 
bomb. He took this terrible news to the U.S.A,, where the American 
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scientists rc "ve.itcvt the cxpi^'t itnents. 1‘hiis in Amei ica started 

the cntTmious M.inhatl.in pitncet fcir tlie cf msi rnctinn ot’thcfiisl atom 
Viomb, in which iiviJir hints'U partieipalccl mute in.tnfly I Respite t)ie fact 
that Jiohr was tlircctJy ctmnectcii with this pioict t. tt)r tiu* rest r>f' his life 
all nuclcui v'.<*ai''^>ns s’.ere cirinunif ttt hnti. Ills 1 1 inkiest hc'ipe was 

t<^ fin^l ;i way o» abuhsli tlicm. After tlic vv-ir. Mohr ‘ini exti a. >rdinary 
work to !iet I'uo^pean science on the ti.ivk ayvin. lie jsieaileii tirelessly 
for peaceful uses t>r atoiriic encr>,*y -mil \\.ts one ot the leailiruz backers of 
C'liRlN, luiropc’s cotiperative icscarch rcnlre .il Ciciieva. Honours were 
sht^wereci on him frv'un all coi ners ot'ilic \v«irhh Tu X< >\en'vf>er, 1962, he 
died of heart attack, ami the wiirUl of science* h'Nj a deeply creative and 
guidini' spirit 

StKt C-llMtf- <n I MI MOXJ \ I'l \s.i I Motif I 

Of the Tuinicrcvus failiniis ctf Wcvsbui's tnech^mu s, the exis¬ 

tence of the chentical elements witli their iiuiiv'Kiual po'periics. ami their 
ability to ftirm compounds couUl ru>t he iifuleisnuuj m clas^iciil physics. 
Tn 1911, Rulhorford evolved from his elas^uc •'Caltciinp expeornents, the 
plattetiuy model of an xitorn According to this tntHioi. an atom is pictured 
as haviny a central massive puclcus artniml v.h»ch tins, ncpalisa’ly eharijcd 
particles, the olectr<.^us, arc rcv<ilvinii, in inxich lbs* ^an\e fashion as the 
planets revolve xiiound tlie sun m tnii sohir system. Wo know from 
Newton’s laws, that if a particle rmives in any path tiitreieni fi om a 
straight line, it must be under accclcratii>a. l’h.uiher, hke ihc antenna that 
emits radio waves, an accelerated chxtrgcd pxiriiclc, t>n the basis of classi¬ 
cal phyvSics, must emit radiation, ami thereby lose enerpy. 'The electrons 
would then come closer and closer to the nucleus, jinci evcntualiy fall into 
it. On the ba.si.s of classical physics then, an atom would be unstable, 
contradicting nature. Also according to cUissicJil theory, an electron in a 
given orbit should radixite light having cither the frequency of rotJition in 
the orbit, or else some harmonic of this frequency. If, for instance, the 
electron moves in a circvilar orbit svilh uniforii'i speed, then only the fvinda- 
mental should be radiated. However, the shape and .sixe of jiii electron’s 
orbit are continuou.sly changing, so that, on the basis of classical physics, 
radiation emitted by an atom should have a continuous ilisti ibution of 
frequencies. Kxperimcntiilly, however, it has been knt>wn ftM* a very long 
time, that each atom emits only a discrete grovip of frequencies, whicli are 
characteristic of that atom. This is becxiuse caclr frcciuency leads to a 
corresponding line in the spectrum of the atom’s radiation which is easily 
observable by a spectrometer. The result of classical physics is therefore 
in contradiction with well-known experimental facts. Thus classical physics 
provides no foundation to important subjects of chemistry and spectroscopy. 
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BOHR’S IDEA OF THE STRUCTURE OF ATOM 

Within a short time of Rutherford’s discovery of the planetary model 
of an atom, Bohr realized, the inadequacies of classical physics. Already 
in 1900, Planck had found in studying an entirely different branch of 
physics, i.c. the equilibrium distribution of black-body radiation (e g., radia¬ 
tion trapped inside a chamber with no outlets), that the frequency distribu¬ 
tion in such radiation does not obey the formula derived by classical ideas 
of continuous emission and absorption of radiation, but follows readily if 
we assume that ladiation energy is emitted and absorbed in indivisible 
packets called quanta. TThe quantum aspect of radiation was subsequently 
emphasized by Einstein in working out the photo-electi ic effect, and by 
others in a number of instances wheie classical theory leads to wrong 
results. Bohi now took a bold step, and gave the revolutionaiy suggestion 
that even material systems cannot exist in any urbiti ary energy state, which 
can be varied continuously^ but must possess a disciete spectiura of energy 
levels. 'This means that electrons in an atom levolve in a few allowed dis¬ 
crete energy states, and cannot lose energy continuously as in classical 
physics. Xhe orbit closest to the nucleus would then be cjuite stable. 
The discrete spectium of atoms can be seen to arise in the following 
manner. If an electron of any atom is brought to a higher energy level, 
i.e. in an excited state, by supplying energy from external sources, e,g., 
as in a gas discharge tube, then since a system would like to exist in its 
lowest energy state, such an electron will eventually make a quantum jump 
to the next lower energy level, or to still lower ones, radiating light of 
frequency corresponding to the energy difference of the two levels in ques¬ 
tion. This would correspond to a discrete line in the radiation spectrum. 
In short, all lines corresponding to differences between discrete energy levels 
of the atom, which are characteristic of each atom, would be observed, 
giving rise to a discrete spectrum, in agreement with experimental facts. 
Bohr’s idea can be transcribed into very simple mathematics, and calcula¬ 
tions give an astounding quantitative agreement with the general features 
of radiation spectrum. 

QUANTUM THEORY : ‘COPENHAOEN .SOHOOL OF 'rMOUGtilT* 

Needless to say, Bohr’s idea of quantization heralded a new era in 
scientific thinking. If quantization is at the root of the matter, what is the 
meaning of the classical concept of the path of a particle ? Thus, given 
the state of a particle at any instant of time, can we say with definiteness 
where the particle would be at any later instant ? It is clear that quantum 
laws appear to determine only the probability of an event, and cannot pre¬ 
dict its occurrence with certainty. Thus, whereas classical theory is com¬ 
pletely deterministic, quantum theory is not so in this sense. That the 
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appearance tif pr«'>\'‘ahiltty i> iitil :in t't' \ ^ii ipi'a ^ri-vr of Uio 

fn:idccjnacics of our tk*U'cI inr appa.?alu - “a . *» f js •, t 11 ^ i v m/t ti f ty Hcisenberg 
ill li IS t amous uuccs lai rit y pi iJit j j '**>' 'I his j^s i r.. jj U* ol J i ra i r c <1 tk*ter m uiism 
in a hroad sense siaScs ifiat r...uirv' is as ck'k-rimnT' ia as it coulti bo 
consistent witfi siuanuun ibsa ty, that tlo l.--» k of' sbr sit.*! deter- 

jnim'sm is an inlicrcnt piop4'ri> I'mili:!-!.’ N.T»ao , j c* u i k, al I y. it slates, 
Tor example, lluit it' ih<’ pi^s'ii^^ii of a p.irfaU* is Kn^ 'a-n .ii 'rai.e lime, 
then its iiu'moiiiiun i ^ crnuidv ii5>Kn«(»'An at th.ii lavie, that the 

tpicslit^n iis to ^^'^lere the p,iriulc v.cmKI he ,xt .i Knot time is one 
which cannot be answcjcd with ».k‘»uiitcncs-s, ,iiid t^^ie t ;tn la«K tibovit 

the jiroba 111 I i ly of' its existence at any spc*.jt»cd pmnt. Sm h a p? < jf a bi! is tic 
intei preixiiion \eas l.cavjly cr?hei-»ed \shen u w.ts pi.'pt sctl, and one of 

the hciivicst ciiiics n<i le-s a peison Aiheri Tanstem I fie arcliious 

task of clarifying and elucidating the pltlh'^ opl*>' «'t l»ni:U‘d detet rninisni in 
ntiturc was undertaken tiy N'icK Hohi. fi is a p)iViii>UH tidmu* to his depth 
of understanding and ingenuity of ilitiuiihi that not t^nls clul lu.' siu-v'ccd in 
dispioving eacli of the pviradtcxcs put f<‘rth l>y F msicm and t theis from 
time to time to thwart the pi obahilisiic i n tci p i eta 11 on of natuie. liiit ho 
also showed tlnit each of these so-c.dlc<l ihcnie.ht c\pci iincnts is indeed an 
illustration of the basic unccitamly piineiple. Bol>t*s i n tc r pi cl at Ion if4 
widely acknowledged now, and it forms the tiasis t>r what is calicwi tho 
^Oopenhagen Scho<il of "I fiotiglu*. 

QtJAwruM riri ory ani> < i Asstt -m coni'i i*rs 

An important cxucsiiori arises. Flow is it po-^silile to ree.incile ttiesc 
cjuanlum ideas with our experiences in the realm of cNeryi.iay woild, where 
niotioxx appears continuous, and can be dcsciihcd by dcici iniiu'siic laws, 
such as Wewton’s equations of motion ? 'F'he answer to this question was 
first given by Bohr in his famous coi respondence principle. *I he apparent 
continuily of motion eii ;i macroscopic scale js: a resu 11 tyf iho sinalIncss of the 
quantum. In our everyday experience, we <.1 cal with procossvs mvtilving 
many ciuanta, so that on a statistical basin, the discon unuiiy is mi small 
that it is not obscivahlc. 'F'lic coi i cspmuicncc inincifiU.' slale.s that the lawy 
of quantum physics must be so cho.scn that in i he ckissical hum. whcic 
many quanta arc Involved, tlie quantum hiws leatl to the ehissii.al cciutitions 
as an average- 7'hc problem of sa tisfying the coriesfioridenec principle is 
by no means trivial. In fact the rccpiircmcnt of this princiiile jilays a 
central role in the development of quantum mechanics. I-'or iu'^lanee, llio 
quantization of angular momentum was Hist obtained by Uohr vsiih tho 
aid of the correspondence principle. This quantization is ticltially the basis 
of Bohr's theory of the atom mentioned earlier. 
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Xlicrc is yet anotlicr important aspect in which quantum theory differs 
from classical concepts. This is the so-called wavc-parcicle duality of matter 
and radiation. De Broglie was struck by the fact that radiation may be 
thought of as a bunch of quanta or wave-packets. Xhis can be interpreted 
as radiation liaving a particle nature. Classically one knows, however, 
that light IS a wave iDhenomenon essentially through the diffiaction and 
interference experiments which cannot admit of a corpuscular interpreta¬ 
tion. However, to explain a number of experimental results, e.g. the 
photo-electric effect etc , one is forced to introduce the quantum aspect of 
ladiation, where we treat light as if it were made up of corpuscles. Xhe 
question arises, what ultimately is radiation ? Is it a corpuscular or a wave 
phenomenon ? Furthermore, Bohr’s idea of quantization of material 
systems, and Ihc existence of a discrete set of allowed frequencies brought 
to De Broglie’s mind the already familiar phenomenon in classical physics 
in connection, with the motion of waves in an enclosure where standing 
waves have a disciete frequency spectrum. De Broglie speculated that 
material particles also possessed wave properties, obtaining in this way a 
tmificalion between the properties of matter and light. Both could be 
different forms of some new kind of system that would act sometimes as 
a wave and sometimes like a particle. De Broglie’s idea was experimentally 
verified soon after, when it was found that a beam of electrons is indeed 
capable of producing a diffraction pattern, when passed through crystals. 
However, the question whether matter and light are actually made out of 
particles or waves, Bohr emphasized, is a meaningless one. It is born out 
of lack of experience of any ‘object’ in our macroscopic world which com¬ 
prises both these aspects, Bohr pointed out that the occurrence of wave 
und particle asviccts is not contradictory but is indeed compleincntary, Xo 
know the ‘object’ completely one must know both its corpuscular and 
undulatory properties. However, these two properties are the extreme 
properties of the ‘object’ and cannot exist simultaneously, i c. if, we per¬ 
form an experiment to test whether the ‘object’ is a particle, it invariably 
turns out that this indeed is the case (or else the experiment cannot be 
understood), but at the same liinc and by the same experiment wc cannot 
and have no means to test whether it has any wave-like properties at all. 
Xo verify the latter, we have to pcrfonri a different type of experiment, 
but then we have no idea of the corpuscular aspect. IS/Ioreover, to know 
the ‘object’ completely^ one has to add the informations of the two experi¬ 
ments. Xhis is the essence of Bohr’s principle of complementarity. Not 
only does this principle provide a great unification and understanding of 
the apparent wave-particle duality question, but it actually goes much 
further. It also embodies in its contents the uncertainty principle. For 
instance if wc know the position of a particle within certain uncertainties. 
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the uncertainly »i*''^cits that t\^c nvfiientuui • »! ihf jvsrticte cannot 

l>c knv'S’wn at thr same time j-'fcct*-c3> . hnt <m)y ell-ileiinctl limita- 

tioriJi. I'or a ccvmpletc tic*-ci ipti*"*!! e must «u iIicm.* limitations. 

The principle i*r ctun plcnirmaj Hy ilms lepscM-nis not onS> a th»>rt*up,h-iioing 
change in the type ivf ct^ncopt that is %tppit »p'1'*'J t he « Ic'c t iptum of 
matter at tlu* qiianluni level, as eomp.irecl with tl^e t>r‘ ' *'1 ^t>nccpts at 
the classical lc\cl. !nP als** sNi\thesi/cs ;ansl pii^Niiit s a nnitied basis for 
sivme the essential ctnicepl . t>r tpiantimi j'hen*'men.i 
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We have thus far explained in a simple way the central role that 
Bohr played in the developnionl ;ind synthesis ctf the unusual sonccplSv of 
c|iiantum theory. We sec at once how souyht h.irimms' and simpli¬ 

city in the ctvmplex phenomena I'l'the inicit'sct'pic vs or PI. 1 he appheations 
and interpretations of these cmicepts to the niiilu Ii unis atvmntc and 
nuclear phenomena is yet antuher lonp stoi v. I he contribution of Bohr 
hero again has been no less important. We woiiKi hke ti* picsent here a 
few examples which reveal an insight into his m Ipinali ly ;uul simplicity of 
thought, an underlying feature of Bohr's hie anvl vvt>rk. 

Kver since Ruthci ford split the physicists have been studying 

nuclear reactions, he, what happens if we shot^i an t U-meniary nucleus 
on to another complex one. 'I hc frapincnts t»r il\e ctdhsion c.in he various 
types of nuclei, generally an elementary t^nc and .i snnnp’cx t>nc b’or any 
given energy of the projectile, one can t»nly ciilculatr the probabilities of 
the various reactions. However, ;it some definite eiicrpies, it has been 
obseived that a particular mode of rracmeittatnnii bcccnnes much more 
likely than the oiher.s, giving rise to the phemnnenon of* rosonanoc in that 
mode of reaction. Indeed several such resonances have been l\>iind in any 
general nuclear reaction. The stiuly of such rcactifins was greatly facilitated 
by ISliels Bohr, who put forward the extremely simple, yet cfTcclivc, concept 
of the compound nucleu.s. Accoiding i<i litis idea, when the projectile hit 
the target nucleus, they coalesce into a comptound nucleus, which sub¬ 
sequently brcak.s up to produce the reaction products. Hohr argued that 
nuclear interactions, unlike luiy other well known ftirni t>f interactions in 
our macroscopic world, are very strong, so that the capture <d‘the projectile 
by the target nucleus to form a compound miclcu.s is a very likely process. 
When the projectile hits the target nucleus, it distributes its energy very 
rapidly in the collision, and docs not possess entJUgh cnergj^ afterwards to 
break loose from the strong attractive nuclear forces. A statistical equilibrium 
is reached, and until such time as a chance accumulation of suflicient energy 
on any particle of the nucleus, the compound nucleus continues to exist. 
The compound nucleus is then fairly long-lived (.‘^Cfuipared to nuclear time 
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seconds), and. "by the time it finally brealcs up, it has forgotten how 
it was created. The decay mechanism is then quite unbiased by the mode 
of foimation of the compound nucleus. Experimentally such is indeed the 
case, and the compound nucleus pictuie then foims a vejy convenient basis 
to study nuclear reactions. The lohenomcnon of lesonance can also be very 
simply understood as follows. The conipound nucleus exists only in well- 
defined quantized energy states. If the projectile possesses eneigy that just 
matches in value with that of one of the quantized energy states, the cap¬ 
ture of the projectile takes place quite leadily, giving rise to the pheno¬ 
menon of resonance. A.t any other energy of the projectile, it has to share 
energy in such a way that it can finally find a place in one of the quantized 
energy levels of the compound nucleus, so that the capture does not take 
place so readily. A^ctual calculations based on this model have led to 
results in excellent agreement with tlie general features of nuclear reactions. 

A.S another illustration of Bohr*s simplicity and ingenuity of ideas, 
let us consider the liquid drop model of Bohr in the theory of nuclear 
fission. In playing around with nuclear reactions, it was obseivcd that if 
a neutron hits a very heavy nucleus, e.g. then the decay pioducls are 

not simple, as in nuclear reactions, but consist of two almost equally 
massive complicated nuclei. This is called the phonomcnon of nuclear fission. 
The oiiginaL nucleus breaks up into two almost equal lumps. The 

importance of this phenomenon cannot be over-emphasized. During fission 
a tremendous amount of energy is produced which can be hai ncssed as in. 
a nuclear tcactor, or whicli can be used for destruction as in an atom bomb. 
This seemingly complicated phenomenon which baffled physicists for some 
time, was shown by Bohr to have an extremely simple explanation. Bohr 
noticed that a nucleus has many properties similar to a liquid diop. Firstly, 
it is known experimentally that the size of a nucleus is proportional to the 
cube-root of the total number of particles inside the nucleus. Since the 
mass of the nucleus is proportional to the total number of pai tides also 
(^eacb particle having the same mass), it follows that the density of nuclear 
matter is constant, and docs not depend on its size. This is indeed a 
property of a liquid drop also, as is quite well-known. Secondly, the enci gy 
that keeps the vaiious pmticles in the nucleus, bound together, i. e. the 
binding energy is known, experimentally to be proportional 1o the total 
number of particles in the nucleus, just as in a liquid drop the various 
molecules of the liquid are bound by foices i^roporliona.1 to the number of 
molecules. Thiidly, both nuclear mailer and liquid diop exhibit the 
phenomenon of surface tension. The observation of surface tension in 
nuclear matter comes from the fact that the binding energy per nuclear 
particle, which we said is a constant, is actually found to decrease in 
magnitude for light nuclei, an effect which will be large for nuclei with 
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high surface-to-volume ratios, hinally, thermal agitation of molecules in 
a drop has a countcrpait in the kinetic energy of nuclear particles. There 
are some obvious dilTerences of com sc. The nucleus obey,s quantum laws 
and one should strictly liken it to a drop of ‘quantum’ liquid. Despite 
this, wc may describe the dynamics of a nucleus in terms of .surface vibra¬ 
tions. A deformation of a .spherical drop gives rise to periodic oscillations 
of the surface. The fission process can now be uiuiei.stooil in a naive way 
as follows: a large liquid drop (the U'''’' nucleus), when set into oscillations 
by an external stimulus (the neutron), will .spilt into two drops of roughly 
equal size, A detailed calculation ha.sed on thi.s mcnlcl indeed gives excel¬ 
lent agreement. As to why for c.xamplc, U*’'' is not fissionable by neutrons, 
wherea.s 11-“'’ is, requires a slightly more complicated explanation The im¬ 
portant point that answers this question i.s whether the e.xcitnliun energy 
associated with the oscillations is less than or greater than the so-called 
activation encigy, i.c. the cncigy leqtiircd to create fission. 

Many of Bohr’s important contributions to phy.sics, have not been 
included in this simple-minded article. It is ncveriheie.ss quite clear that 
in the seemingly complicated phenomena of the microscopic world, Bohr 
sought simplicity and harmony in nature. It is to this belief and faith that 
Bohr dedicated his life and work, 



GOVERNMENT, SCIENTIFIC AND TECHNICAL 
DEVELOPMENT IN EMERGING COUNTRIES* 

P. M. S. HLA.CKLETT 

Imperial College of Science and Technology, London 

I intend to speak about the problems of formulating practical and 
realistic plans for the aiDplication of science and technology by the Govern¬ 
ment of a newly emerging countiy. I will specifically have in mind the 
new Afiican nations, since, for various historic reasons, their problems are 
particularly difficult. 

The first thing which must strike, say, the Prime Minister or Minister 
of Finance of such a young nation, is that science and scientists arc expen¬ 
sive and that their financial demands clash with the innumeiable other 
demands on a country’s very limited financial resources, and still more 
limited foreign currency. Even in the field of scientific and technical 
education alone, there will be the choice to be made of the pi oper relation 
between primary, secondary and higher education ; or between training 
science teachers, scientifically trained administrators, research workers in 
pure and applied science, and engineers and technologists. Then there 
are of course, essential problems as to what researches should be carried 
out and for what purpose. It is important to note that these main deci¬ 
sions have to be made by the Government. For the Government alone, 
in general has the financial resources to carry out any worthwhile pro¬ 
gramme. Even when financial aid from other countries is available for 
specific educational and scientific projects, government assessment and 
approval will generally be necessary. It is interesting to remember that 
the present situation of the young nations, where the main responsibility 
for making decisions must rest with the Government, was not true of the 
emerging stages of development in Europe and the U.S A. In those days 
private initiative and benefactions played a vastly bigger role than they 
possibly can do today. So it comes about that today a great deal of very 
detailed decision-making m the scientific and technical field will fall on the 
governments of these newly cmeiging countries, and just at a time when 
vital political, economic and social problems have to be solved. It is evident 
that a high priority for the educational system of an emerging country is 
the training of an adequate number of scientifically and technologically 
minded executives, able to make these complex and difficult decisions. 


* Address delivered at the Science and Technology Conference, Geneva, in February t963. 
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Afiv fvTitusler or other liij'h oni:;ial frotii an onieij^int; country who is 
attcndin;> this great e<’)nterciice will, ot>douht, in two itnmK abouL the 
vast display orscienlific iind techn<ih».nieal tlevclopinentN w hich aie dealt 
with in tlic thousamls of conimunic:itioFi’% On the orte hand» the Ci^nrcrencc 
will make clcai llio areat po'.sibiHlies, inhetfiit in inodcjn scientific 
iadustrialisaliou ami JdMivuhuTe, foi the laisinst of the niateiial standards 
of life of the eniorgang ct^untiies. <)ii the t>(hcr Itanti^ it will confront 
such u statesman or ollleial with a 1 1 iehtenine, number of decisions 
which must be taken. h'or, even leavinjt new jcsearch and devclt>pnicnt 
out of account, the sVicrer bulk of* .ivivanccd tcohiudouy svliich is 
available la be bought in the world lotUiy, by a nation with the cash, 
is staggeiing, Hven rich t'ounliies like the IJ. KL- do not buy every 
process, plant, machine teiol or vehicle lui sale : nor c.tn it airoial to engage 
eflectively in icscaicli ami development in all the fields which cue to be 
discussed at this cnnfeicnce. lh>w much nnuc must this be tt uc of the newly 
emeiging countries, with their very limited tesouiccs both of finance and 
of tiained manpower ! fheir icpiescntatives heie today may feel like 
window-shoppers, admiring (he liches of lUtulcin tecbnolouv Ihioiigh the 
plate glass wiiulviw of ihtir limited icstuiives* m money iuid men. Ntoicovcr, 
when lliey have sonic money in iheir pos’Kcts tlicv must ehaily he vciy dis¬ 
criminating pmehasers. 

tn coii'Utlci ing the foiimiUituui t»l natuuKiI [lolu y m lelation to 
modern science and toehnologv, it is useful here to distiiiyui di buii tnain 
aspects. 

rhe fust i-} that of known and av.iil.tbh* iss*hnolv»p,y of the 

most urg:5nL ns.5d> of the emjigang Ciumtoe-. m the early stages of 
development come into this cale‘»i»ry. To set a Tnolf»r bu-^ service, 

it is nccessaiy to have the fuicign exchan‘»e (<» buy the vehicles *ind fuel, 
and the techiiieal schools t<i train the iliiver-^ and repaii personnel, but no 
research or clevcl<.)pment iiL :ill i •> iicc».lc«.l. Mtu 1 % new icseaich ami develop¬ 
ment lectuired b') set up an iiirliiic ; or .i te.leviNiiin system ; '•>r an elccriciiy 

supply, or a sewage system and piped w.iicr supply, or the Tiiajority of 
normal nianufacUiring plants. 'I bough suefv fU'ojcels do not involve any 
appicciablo research and development they do icvpiiie an atlcquate supply 
of technically and .scientifically trainetl jicistmacl to run ilicm. 

A big incLcase of indigeiu>iis-trained staenlibe, technological and 
admmiatraLive personnel will be ncctlcd beriuc a country c.in make full 
use of the known lcehav>lc>gies without the very expansive and often p<5liti- 
cally undesirable undue reliance on foreign personnel. A major task, of a 
new nation’s educational system must be to proviulc as .soon as possible the 
necessary technological inteUigciiLsiu to make use of all the known and 
available technology which the couiiUy can alTord to buy. X^rominent 
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among the vital tasks, which such trained, people will have to tackle, is the 
formulation of sensible ‘shopping list*—I mean by this homely phrase the 
decision as to what to buy and what not to buy in the world’s well-stocked 
supermarket for production goods and processes. In one sense this great 
conference is a catalogue of what is available, and so should be of great 
value to the citizens of the emerging countries who have ihe responsibility 
for making these decisions. One cannot overemphasize the importance 
of recognising the necessity for wise choice of what to buy. Xhe mere 
reading and digesting of the mountainous mass of the conference docu¬ 
ments will provide a major task for the scientists and engineers of the 
emerging countries. 

Xhe second most important aspect of the application of science and 
technology to a less developed country is that concerned with problems 
which are related to the special conditions of the country, and the solution 
of which must be done on the spot. Prominent among these, of course, 
are those special aspects of agriculture and medicine which have specific 
local significance. Xhen there are many problems in meteorology, geology, 
geophysical surveying, road building and housing where original research 
and development related to local conditions is required. In addition, many 
new technological iiroblems arise in the setting up of local industries, due 
to the special properties of the local fuels, raw materials, textiles, food 
stuffs, etc. 

In relation to these problems, the importance of a first rate inform¬ 
ation service is vital. It must be made as easy us possible for the research 
and development personnel to be kept continuously avvaro of the state of 
general woild knowledge on a particular subject, so as not to be led by 
ignorance into exj:)cnsive researches to find out what is alre.ady well known. 
Xhe opposite danger is to assume too easily that some process, technique 
or method, which has long been in successful use in some other country, 
can be transferred without modification to new surroundings. Some of 
the most -valuable research projects in the early stages of a country’s 
development will surely lie in the imaginative adaptation of known methods 
to local conditions. 

Tvlany of the medical problems are of such importance that inter¬ 
national co-operation is essential. TVlany of the specific diseases of tropical 
countiies, for instance, are common to many different new nations. TVTore- 
over, the problems are often far too diflicult to be tackled except by strong 
and experienced research teams- Where Inter-Xerritorial Research Institutes 
studying these problems already exist they should be more strongly 
suppoi ted, and should receive what help they need in personnel from the 
already developed countiies. Where they do not exist, new ones should 
be started. 
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Xhere is one over imminent cltinecr in such fields iis medicine and 
agriculture- Xhis is, that the policy-makci s may become so impressed by 
the latest triumphs of science that the more humdrum rcquiicmcnls of 
public health and good husbandly may get too little emphasis. 'I hc danger 
of iclymg on wonder diugs and neglecting the plumbing is very ical. 
Historians of the fuluie niay be amaxed that our prc'cnt epocli had the 
genius to disctivcz pcnicilJm, but li:icJ not the \vU ti> give more than ii 
fraction of manhood sewage system up to the technological level of 
Tvlohenjodaro, 5,000 ycais ago. 

The third asi^cct of the agendir of this conference, ivS the group of new 
technologies which are not yet in use anywhcic, but arc still under develop¬ 
ment mainly in the technologically advanced countiies. I refer, foi instance, 
to such things as solai licat, fuel cells, cle-siil inalion of watci, and hosts of 
impioved processes and manufactured goods. Though a close \s ateh must 
be kept on these developments, I am convinced that tJie natit>iial econoinic 
and technological planning of a new country’.s development, os ei the next 
decade oi so, should be based on what is now knosvn. blsetul tcchnoU'igical 
innovation, when itarises, should be welcomed as a welcome wind fall piollt: 
it should not be relied on for planning purposes. In f';ict, im”>si of the 
now emerging new technologies aie likely to be of* only ma?pin<'i1 fconomic 
importance to those countries, wlilch arc in the eaily stapes tievclop- 

ment, compaicd with tire possible gains fioni fully utilising existing Lecli- 
nologies. Tor often, but not always, new development like nuclcai power, 
de-salination of water, etc. arc expensive in capital cost— iind it ivS capital, 
particularly in the form of Ibrcigii c.xchangc, that cmcigjng countiies tend 
to be most short of. It is essential that the applied scicnList mid technologist 
of the emerging countries develops a sound sense of the cct^nomic iciditics 
of the related phases of research, development and [irotluctio n . Only when 
the last stage of production, is icacUcd docs any advantage acciuc in the 
form of increased material wealth. 1'hough no one would admit to believe 
that modem science is a magic wand to be waived over a poor countiy to 
convert it into a rich one, not a few seem to act as if it weio ti tic ! 

One technological la.sk which miglit be given nu )i e at ti'n1 1 on, both in 
llic dev'cloping and developed countiies, is the pioducLion t'f mcdiiint c^r 
small scale manufacturing plant and pioccsscs which have a lower capital 
cost per unit of output even though the labour cost is‘ liigliet. It is* to be 
remembered that most of the pioduclion goods on sale in the \v«nld .super- 
market have been designed primarily for advimced countries, where 
capital and transportation arc cheap and labour is expensive. In most 
developing countries on the other hand, capital is ncce.ssarily in short 
supply, transport is inadequate and in many areas labour is plentiful at any 
rate seasonally. I am glad to see a number of contnbutions to this 
conference, which deal with, certain aspects of this problent. 
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The last aspect of science and development m an emerging country 
which I want to touch on is the vital problem of the role of pure research, 
unrelated to the immediate economic and social needs of the country. In 
my view a limited amount of such work by the ablest scientist is vital to 
the scientific health of the country and should whenever possible be 
carried on in close relation to the Universities. Thus each new generation 
of students will come under the influence of the nation’s most creative 
scientist. Experience has shown the great mutual benefit of such a close 
link between research and teaching. An adequately staffed undergraduate 
department and a substantial post-graduate school is an essential require¬ 
ment for worthwhile University research. In my view it should be a 
major aim in the developing countries to bring into being, as soon as 
possible, at least one flourishing graduate school of research in each of the 
main scientific and technological disciplines. When this is achieved, it 
will no longer be necessary to send most of the best graduates overseas for 
post-graduate study—at great expense and with the expectation that many 
will not return It is probably wiser in general to send the students abroad 
only after their Ph. D. and when they have already been appointed to 
permanent posts. 

What is certain is that the degree to which a developing country can 
realise the potential wealth, latent in modern science and technology, 
depends both on money and trained manpower. Without adequate supply 
of both, an emerging nation will inevitably remain a window-shopper. 
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JOTION 

Vedanthangal is a village in C'lxinglcput tiistrict in Madras Slate, about 
85 Icilomcters (or 53 miles) from Madras, by load. This spot lias been 
declared as a sanctuary by the Ciovernment ,an<.l gives piotection to the 
water biids that frequent it. The sanctuary i,s a small tank of about 74 
acres with an island in the middle with over 500 Indian tJak trees, whieh 
have the capiacity to withstand walci logging for long periods. "I he island 
with the tiees gives protection to butts fiom piedatory icplilc.s, smaller 
mammals, monkeys and men. Wlien the tank gets filled with the onset of 
the blorth-Cast Monsotin, it is about 15 feet tieep in tlie middle and 
abounds in aquatic fauna and flora. The birds feetl on the ;it|uatte insects, 
woims, snails, tadpoles, frogs and fishes, tender slunils, flowers and seeds 
of water-plants. The lices offer veiy favouiable conditions ftir nest 
building. 

Sevcial thousands of birds take protection in tlic sanctuary. The 
early ai rivals, usually the Openbills and Hciuns, settle down on the central 
trees. The late arrivals like the C’ormorants and Kgicts occupy the 
periphery. On the Western side of the tank is a bund that run.s foi nearly 
400 yaids and provides a raised balcony from winch visitors can watch the 
bii ds. 

It is only the water birds that arc altiacted to tliis .scincluaiy and gain 
its protection. Of course, this does not mean tliat oilici binls: like the 
common erov/, paiakecls, kitc.s and king-lishcrs mc absent. What is most 
rcmaikablc i.s that the sanctuaiy draws together over 14 .species of water 
birds all nesting and living together in close proximity. 

The best months to visit the sanctuary are November, December and 
January. During the other periods of the year the bird population, is very 
much depleted. 

The best time to observe the birds is either the morning, when they 
leave their nests to wander out in search of food, or the evenings when 
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they return in flocks. It is better to observe the birds of this sanctuary in 
the evening as the sun does not fall on the observer’s eyes as one looks 
fi om the bund on the western side. Between 6 and 6.30 p. m. the birds can 
be seen arriving in fornrations silhouetted against the blue sky. Dciy feed- 
ei s like the Egrets, Corn'iorants, Openbilis, and Ibises return home and 
the night feeders like the IMight Herons, and Spoonbills start out on their 
hunt. 


^VP^^XE IBIS (Thre^kiornis ntelanocephala) 

These large birds can be recognised by their long curved and sickle¬ 
shaped black bills. The legs, head and bill are black, but the body is 
white. They are nocturnal feeders. Their nesting season is from Kovember 
to February. Ouring the breeding season they develop plume-like feathers 
on the bases of their neck and breast. 

The birds are also found widely distributed in other parts of South 
India, chiefly in the laiger marshes where wider areas of water arc covered 
with busXics and trees. They are usually found in small groups associated 
with other ibises and storks. They feed upon aquatic insects, worms, frogs, 
snails and crabs. Their nests are built of sticks and 2-4 eggs are laid which 
are bluish or greenish-white with or without yellowish-brown spots on the 
surface. 

SPOONBILL (Piatntca t^ncorodln) 

The Spoonbills are readily identified by their spatulate or spoon-shaped 
bills which are used for shovelling into the mud in search of insects and 
worms. The birds arc tall, white, with black spoon-shaped bills tipped 
with yellow. The legs are black. They arrive in Vedanthangal sometimes 
in breeding plumage, with n crest of feathers on the back of the head They 
also breed at Vedanthangal, the nesting season being November or earlier. 

These arc semi-nocturnal feeders, chiefly depending on tadpoles, 
frogs, snails and other aquatic animals. Their flight is slow with a steady 
wing stroke. They fly with the neck and legs extended. The young ones 
possess bills of the ordinary type which get moulded into the spatulate 
shape as the birds grow older. They build a platform, of sticks for a nest 
and normally lay 4 eggs—white and spotted. 

OPENBILL STORK, (^nasxatnua oscitans) 

These are the smallest members of the family of storks, which can be 
easily identified by the ugly gap in the reddish black bills- The body is 
greyish white with a fringe of black on the wings and tail. The legs are 
pink. 
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riicy *^irc common birds seen in small f^ioups Xliey produce a clatter¬ 
ing^ noise with their bills, that could be heard from a considerable distance. 
They fly with the head aiu.1 neck extended, 'Their main food is water 
snails, but small crabs, frogs and fishes aic also eaten. Tiieir biceding 
season is November to Match. 'I'hey build a platform of sticks with a 
depression in the centre and lay 2.-4 white eggs. It is interesting to note 
that the young do not exhibit the gap between (he bills. 

C'< )RMOR AIM r rocuretx ) 

These medium-sized birds of about the size of a domestic duck can be 
readily recognised by their black or dark giey coat of feathcis, and by the 
beaks which are hooked at the tip and the long slifT tail. 'I'hey are good 
swimmers and divers and theii chief diet is fish. While swimming, only the 
head and the neck arc visible above the water level, 'ritcse birds are 
essentially residents of Vcdtinthangal, very abundant all over South India, 
occasionally found fishing on the sea shores, although they prcfei fresh¬ 
water marshes and tanks. They breed during November to Fcbruaiy ; 
constiuct a shallow platform of twigs like that of a crow’.s nest and lay 4-5 
pale bluish-green eggs. I'he three common species of Ck-)t mo rants arc : 

1, The Little C^ormurant (Pluilcu racarctx about the size of a 

crow and most numerous at VedanthangaL 

2, The Shag (Plialacrocora.x which develops a wliile patch 

near the ears during the breeding; season. 

3, The Large Cormorant (Phalavrocorax carht> vy/uv;.V7.v), rarely seen 
at Vedantliangal ; exhibits £i yellow skin on the face and ihioat. 

IDARTI-R or STMARK HIRO (Arrfiinf:a mfa niclurutfraMvr} 

The Indian Darters arc about the size of a duck and can be easily 
recognised in the field by their very long slender *S’ .shaped neck, a feature 
which has earned for its possessor the common name ‘snake bird,’ They 
have silver grey streaks on the black body and long .stiff tails. The bills are 
also long and pointed like daggers. Their chief food is fish and the dagger- 
like bill is shot at the prey with lightning rapidity, and later the fish is 
thrown into the air and caught between the tipen bill anti swallowed. 

They live in perfect harmony with Cormorants, Herons tind other 
water birds. They breed ciuniig November-h'ebruary and constiuct aflat 
platform of twigs and lay 3-4 eggs which arc elongated in shape and pale 
greenish-blue in colour. 

LITTLE EGRET {Ejsrctta garzetra garzetta) 

These are snow-white birds about the size of a large hen. They possess 
black bills and black legs with a yellow patch on the feet, and look most 
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elegant in the breeding season when they develop long drooping crests of 
narrow feathers on the head and finely branched ornamental feathers on 
the breast and bade. These are the ‘aigiette* feathers of commerce which 
once fetched a high price nr the mailcet. They wade in shallow waters or 
walk about on soft mud in search of insects, frogs and small animals that 
form their diet. They build nests very much like those of the crows, but 
lined with straw and leaves. They sometimes select trees away fiom the 
water. Usually four bluish green oval eggs arc laid. 

Two other related egtets, the Median Egret CEsretta interruedtci) and 
the Large Egret (E^rotfa alba) ate also seen. The foimer has a yellow bill 
that turns black during the breeding season and lacks the yellow patch of 
the legs, and the head plumage of the Little Egiet. The Large Egrets are 
solitary birds, rarely seen in the sanctuary, with their rich yellow bills and 
blade legs and feet. 

PADOY BIRD or POND HERON {Anieola srayii} 

These aie white birds about the size of a hen clothed with a protective 
coat of brown mantle. The legs and feet are greenish yellow. They 
sit crouching with the neck completely retracted between their shoulders. 
In flight, the white wings and tail become more conspicuous. During the 
breeding season they develop special plumes on the head and a maroon 
plumage on the body. Their chief food is frogs, fishes and aquatic insects. 
They breed during NTovember to January and lay 3-5 pale greenish blue 
eggs ill their nest of twigs. 

CATTLE EOREX (Bubulcns ibts coromantJus) 

This bird, about the size of a Little Egret, is dirty white m colour and 
its bill remains yellow all the year round. The feet and legs are dark. The 
birds move about in groups and aie usually found in the company 
of grazing cattle. Their chief diet is insects and they sometimes help the 
catUe to get rid of their external parasitic insects and ticks. They breed 
during November to December, build nests away Fiom the wevter and lay 
3-5 eggs. 


GREY HERON (Ardca cinerca recttrostris) 

This is the common heron about the size of a small stork. Body is 
ashy grey with «a long ‘S’ shaped white neck and head. The head bears a 
crest of long black feathers, and a conspicuous black dotted line can be 
seen on the side of the neck- The legs are yellowish pink and long. The 
Grey Herons are mostly seen in the company of Openbill Storks- When 
frightened they assume rigid postures extending the neck. They are partially 
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nt.>clurnul, feeding in tlvc evening twiliglit or early inorning. Xheir chief 
diet consists of Ushcs, frogs and other aquaUc animals. Ouring flight the 
head is drawn between the shoulders. Three to six eggs arc laid in a nest 
of twigs, the breeding season being hlovcmber to TVlarch. 

htlvill r I-lV'.ttOW 1^f^\'c/iri>rcyx r$yt‘/irnre7 k fiyciict>ra\') 

riicse birds are about the sii^e of a kite, but with a more compact body 
and a characteristic hunchback. I'hcy arc ashy grey above with a glistening 
black: back, with a green metallic .sheen. The black head bears a crest of 
long plumes. The underside of the body is wliitc. By their colouration 
they arc well camouflaged among foliage. Tiiey arc night feedcr.s, leaving 
the nest at dusk in search of food—chielly insects and fishes. They breed 
during December to Pebruary and lay 4-5 green cgg.s in a nest of twigs. 

l*ril..lOA.N p/ittipptynsLv v/s) 

This large bird with its enormous beak and clastic pink iioiich on the 
lower jaw i.s very tardy seen at the sanctuaiy. T^lie body is pinkish below 
and grey above. The Pelicans’ chief diet is fish. They hunt after fish in 
an organised manner driving the shoal an<I catching ihem with a scoop of 
the lower jaw bearing the pouch. They are migrntoiy in habit. The 
upper bill shows largo .spots and so this species is called the Spotlcd-bil! or 
Grey Pelican, The breeding season is from Wovemher to April when they 
lay three white eggs m a nest built on trees. 

UirTLIi OaBBE or OA.1J CIIICIC ^roe/ierpes ru/intNis cnprri.fls) 

This small bird, about the size of a pigeon, looks like a tail-less ugly 
duckling with a compressed and sharply pointed bill. The body above is 
dull coloured, but the underpart is silky white. The Dab Chicks arc highly 
specialised for life in water, the Feathers being silky and water proof. They 
rarely set their foot on land. Their chief food is insects, aiid other small 
water animals. They build a nest on floating vegetation and lay 3-5 white 
eggs during TS/Tay to November when they breed. 

OR-IiY I>LJCK. or SPOXJJILI-. (_yfn<t.y poi*ci!or/tj'nc/ia poccUar/i^'/icfm) 

This large duck cun be recognised by its black bill, with a yellow tip 
and two orange spots at its base. The chest and the lower part of the body 
are white, spotted and brown. The legs arc orange-red- The spotbills 
feed on wornrs, insects, grains and other vegetable matter. They breed 
during June to September and construct a nest in the hollow.s of trees and 
lay 8-12 or more eggs. 
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COPvlNiOT^ TEAL crocca crecca) 

These t>u*ds arc llic commonest of the migratory birds in India, Their 
native home is noithern Euiope, eastern Siberia and Russia where they 
breed during April and June. They lay 8-12 cream-coloured eggs in a nest 
of grass and weeds. When winter sets in, they migrate south, and some¬ 
times, can be seen at Vcdanthangal in large numbers. These members of 
the duck family wear a grey plumage. The males are more beautiful 
possessing a metallic green band running through the eye* bordered by a 
white line. There is also a patch of green and black in the wings. The 
female is darker. They feed mostly at night on tender shoots of marsh 
plants, snails, worms, crabs and insects. 

COOT (^Futica ntra) 

This bird is a native of India—and breeds near the Himalayan range 
and migrates south in winter. It is about the size of a hen, slaty black and 
without a tail. The bill and forehead shields arc white and their toes are 
frilled. The Coots are rarely seen at Vcdanthangal. Their diet consists 
of aquatic insects, snails, shoots of water weeds and other vegetable matter. 
They breed in ‘North India during July to August and lay 6-10 grey eggs. 

fvfOOR. I-IEW {^Gaittnula chloropus indica) 

The Indian Ivloor Hen looks like a large black chicken with large feet. 
The head and neck are blackish grey. The body is slaty grey with a white 
edge to the wings. The red patch at the base of the beak, and the large green 
legs with the red patch at the thigh, arc also distinguishing marks of this 
bird. W^hilc swimming, it jerks its head forwards and the tail upwards 
revealing the white circular patch under the tail. Its chief diet is seeds 
and insects. It breeds about the month of June, when it constructs a nest 
of weeds and lays 5-12 eggs. 

BLACICWINGED STILT {^Uimanfapus htmarttopus litniantopus) 

These arc migrants from the near north- They are about the size of 
a pigeon, but with long slender red legs giving the appearance of standing 
on stilts, by which feature alone they can be recognised in the field. The 
body IS mostly white, but the wings are black. The slender straight bill 
is also black. Their food consists of seeds and water animals, like insects 
and snails. They breed from April to August, nesting on the ground and 
laying 3-4 eggs. 

S AND-PITERS {Tringa hypolciicus fiypolcucus') 

The common sand-piper is about the size of a small chick, with an 
olive green plumage above and white plumage below. The bill is long. 
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sttaifht, slender and grc't‘iii''h hr(n\n in cohnir. Tlic Iciis aic pale-green, 
'Ihc sand-pipers aie aKo wintci visitens ftom the nortli and come down 
south after breeding there in May and June. 'I hey arc marshy biids that 
prefer the edg,e of the waterside to a life in watei. 'I'hcir diet consists of 
insect larvae, snails and worms. They build a nest offnass and dining the 
breeding sea.son lay four eggs in the ne.st. 

M rri.F SIINV [('tiliilrit minulii'i) 

It is a small bird about the si/e of a sparrow and is a micrant from 
Europe and Siberia. It ha.s a gtey plumage on the body and lire ]eg.s are 
long and slender, but black in colour. It breed.s dining June and July and 
lays four eggs m a cup of grass built for a nest. 
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IRON PILLAR OF DELHI 


U. S. NtGAMA 

Modern School, New Delhi 

Whoever visits the K-Utab and goes round the campus will come 
across the famous lion Pillar in the centre of the huge yard, which once 
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asstluiated with this mtinurnent, the j»iiidc will invariably draw the visitor’s 
tiucitlion to tlie non-riisnni» quahly of ihe iron used iii const rnciing tho 
pillar, Tho pillai has stc^oti theie fcM tlic last K'SOO ye^us and detied the on- 
t»laugiits of weather with a will t>l ils own. 'I'his resistance to ct)irosioiiis 
attributed by the guides to venous plausible causes, d'hey have fabricated 
many legends around it. It has ru>t I'ailed to atliact and aricst the attention 
of even lire most rnattcr-of-fiicl scientist. Mor has ho been a passive on- 
hu)ker. Ho has matic cuts ui the pillar, takcit chips out of it and analysed 
the coniposiiicjii tif the metal in great detail, not only to satisfy his curio¬ 
sity but also to fintl anrl learn if possible the scci-et c^f its nc^n-corrosive 
quality. Various theories have been advanced, and altliougU there is a largo 
degree of agreement of opinion on the subject, the in ter pro La ti c^n which is 
acceptable u\ every part is not yet available. 

'I'his iron pillar of TDclhi is one of the many specimens of a somewhat 
similar variety found in dilTcrent parts of Tniiia- Of these the pillar of 
IDhar, the ancient capital of India, merits our Iu.sL mention. "I his pillar 
is much huger than tho c>nc at Oclhi. Originally it was foriy-ihicc feet 
unci eight inches high, but nc^w it lies broken in three places. It is believed 
to have been created as a victory pillar sometime in the 12ih cenliny A.O, 

Another iron pillar is seen at Mount Abu. 'bhis pillar which has a 
*trisbur at its top, stands in the courtyard of the Achaleshwar temple, 
although it was also built as a victory memorial in the fourteenth century. 
All these pillars arc made of tlic similar kind of wit^ugbL iron and have 
nearly the sumo composition. 

Specimens of iion shafts and beams of the Moghul period tiro found 
at a number of places in tlic country. Iron beams of Konaiak teinple.s and 
Jagannath Puri arc also similarly constilutcci, but while these beams have 
rusted to a very large extent, the pillar at Oellii has defied the lavagcs of 
rain and wind and other natural elements. 

The iron pillar of Delhi is one of the oldest. It is believed to have 
been made in the 4ih century A.O., and bears an insciiptic^n in Sanskrit in 
the Gupta script. Some hold that the £>illar was originally in Mathura on 
Mount Vishnupada, others believe it was in MchrauU on ex hillock called 
Vishnupada, but all arc agreed that it was moved to ils present location 
about 1050 A.O., when Anangpal rebuilt the city of Delhi. 

The pillar is twcnly-lhrec feet and eight inches high, of which 22 feet 
are above the ground. Its diameter is 12^* at the top and widens towards 
the base to 164". Its specific gravity is 7.81 and its weight is estimated at 
about 6 tons. The pillar stands erect, its base resting on iron bars fixed 
to the stone pavement with lead. 

There are two very striking features about the pillar—its size and 
its non-vulnerability to the formation of rust. It speaks highly of the 
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Indian gical skill—-that as early as over fifteen hundred years ago, 

they coiild forge such a huge and shapely pillai, a feat which was almost 
impossible for any foundiy in England or Euiope till about a hundred 
yeais ago. 

Its non-corrosive ciualily has aroused the curiosity of mciny scientists 
and some have tiiken up the investigation of the problem. J. C. Chaudhuri 
quoted its chemical composition as follows : 
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A number of reasons have been attributed to the non-coirosive 
qviality of this iion. Some suggested that it was due to the smearing of 
butter over it. Even if this was a piactice in eailier limes (winch is 
doubtful), how long would its cfiects last and to wliat height could this 
anointing be done in piacticc ? Also* i^laces from which the protecting 
layer is removed, would be exposed to corrosion. The pillar has many 
cuts and scratches made on it from time to time, and yet it has not rusted 
at those places. 

Others think that the iron used in the construction of this pillar is 
‘bariTed' iron. BaLlllng is the process of lieilling iron with supei-heated 
steam so that a protective *casting-skin’ is formed over its surface. The 
signs of such a skin are not easily detectable and need further investigation. 

Roscnhain’s theoiy of protective layers of fused slag being formed as 
cinders over the surface of wrought iron when it is heateciy does not also 
commend itself, for again, places where cuts had been made, should have 
rusted by now. 

tludson- studied this problem from another angle. He studied the 
weathei conditions of Oelhi. He was particularly struck by the dryness of 
the Delhi atmosphere. V/. II- J- Vernon has shown that the relative 
humidity should be at least 70% to cause the rusting of iron. But 
through the major part of the year, the humidity in Delhi remains much 
below 70%. In Hudson’s opinion the non-rusting quality of the iron in 
Delhi pillar is mainly due to the mild, corrosive nature of the city’s 


1 Ch.iudhuri. J. <2. JOSWA. VoK 5, No. 1, 1957. 
Hudson, J. C. J^alure, 172, PP- 499-500, 1953. 
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atmosphere, P- C'- Kay writes “Hudson has shown that the relative 
humidity ot^ the air at seldcim c'^cccds 70 per cent which accoicling 

to the classical reseaiches of W, H J. Vci non scrv'cs us the critical limit 
for th3 atniospheiic Ct)riosion of non and steel to set in. Xhis should 
Uierefoio lay to ro'^t all siiccLilations .imi cliniinatc all hypt^these?;, rcgaid- 
ing the alleged intrinsic superiotity of the iion of Dellii pillar, so fat as its 
corrosion losistanco is concerned". 'I’he statement is c^bviously over¬ 
emphasised. It is well known that once a layer of rust is foinicd, it protects 
the inner materiul fiom fnrihci damage, 

Whetlier it is a protecting layer oi the purity of iron, especially the 
well nigh absence of c<ipper t\nd sulphur, or if it is the nnld Delhi weather, 
or if it IS a combined effect of all these, has still to be placed on a decisive 
footing. In Hudson’s opinion all the thicc factors shtjuld piovidc the 
answer to this query. In fact the answer is .still far from conclusive. 
Sir Robet t TludfloUPs recent investigations and the sugncslK')!! by Ohaudhuri 
deserve closer study in any future woik on the problem- 
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Rav, T* 195^. iHstorv of C'ht'mistry i/t ,'1ftc*rn/ ritnl Aft'tiirval fntHa. 

Sl.K, S W- I94il. fic'llti and iis tnoiti4nicnix, Miikhcijcc <.^ C*o., C'.ili-uU»i. 



LANGUAGE, COMMUNICATION AND 
TEACHING METHOD 

I RANCtS SI-IOirMTAICER 

Professor of Pn^ihsh, Teachers Collesc, Columbia University, U.S A.' 

Man. communicates tlarougli two symbol systems. Both aie his most 
complex inventions (slai tmg with zero and the alphabet, and moving perhaps 
to E = Me and the woiks of Pi cm Chand), which he has made in giadually 
extending his control over his enviionment. One is the many-faceied 
symbol system oT number and notation by which he measures and lecoids 
duplicable and verifiable infoimation and data and predicts phenomena in 
the realms of physics, chemistry and biology. The other is the also many- 
faceted symbol system of the aits, m which he expiesscs individually 
perceived and individually felt values and responses to the meaning of life 
(including the data of sciences) This second system includes the indi¬ 
vidually phrased linguistic symbols (in literature), the perceived symbols of 
colour and line (in vramting), of shape and texture (in scuiptuie and archi¬ 
tecture), of tone and intensity and quality of sound (in music), and of body 
movement (in dance). 

The scientist and teacher of science arc both fully conscious of the 
discursive symbols which arc the centre of their professional life. And 
some, thotigh not all. aie asvaic of the significance of the other humaniz¬ 
ing symbol systems, without having had to turn definitive attention to 
them. At the same time, their professional and non-professional lives 
depend completely on the quality of their use. The purpose of this dis¬ 
cussion, then, is to sketch briefly some of the major aspects of the 
language of words, its relation to human development, to social change, 
and to the evaluation of science itself—moving finally to some significant 
questions which teachers of science must face and answer in non-scientific 
terms if they arc to teach well. 

Language is unique as a medium for communication. It is not only 
the medium through which wc leai n ; it is also the medium thiough which 
we learn about the medium (language) through which wc learn Is this too 
complicated ? We use language to study language ; when wc do this we 
arc beginning the most profound aspect of self-study. Many of us, I 
imagine, feel that man possesses the medium of language through which 

Dr. Shoemaker is at pre.sent a member of the Teachers College, Columbia University 
Team of Consultants working with the Watioual Xnstiiule of Education, N'ew Delhi. 
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Uis cnvironnicTits. I tlon’c believe tUi*^ at all. I believe that 
rnari Av his l£in**nci'^c. Without lan^r.via^c he is ;in aninial. With thumbs 
with which he can tirasp thinps^ he is siiU incapable of spintualily without 
lau^uajtc. I,Lin/zua*u“ niaki's it jicissiblc for him to imacino lhiii«.ts that are 
not present in space, ihincs that aio in time and lluniis that aic 

non~ct>i pi^rea! anti non-hurnan, that ai e etlicrciil and which lelate him to 
his ctincf]Tln^ns of deity. I’liis puis Ianj»nano at the very cen ti e t)f all of out* 
human endcavinns m philosopViy ami vehp.ion, and art and .science and 
educatitirt and politics. I.anpuano makes ns human. 

We arc familiar witli the tcini Tfanxf) sapic/is man lhinkinj 5 , mail 
with wisdom, man w’illi intclli^’cnce. I Jut untlci lyingx this quality is a pet haps 
more appi vipi iatc one, //o/fu? .\/.e/i//4'v, Ivtan usinti; symbols becomes man 
with in lelliizencc ; man vs'ith inlolHiJciice becomes man with values ; man 
with values becomes m ui with potentialities tor U^v'c, bccau^.c lie can 
identify himself with the Hvc'> of other people. han^uiaijc is ihereft^rc the 
cciUial nervous system of human society. 

ins'fORY tJt- ci^MMtJNic-.vriow 

In the lime tifllaiappu and Mfvhcinodai o, c\t*n in the times of the 
iicttial enactment ol' the Rtinxcn ana ant.1 Afahti/^htinKha, iheic wa.s only oial 
comiminication of people who had cxpei inionled with souiuls sullieienLly 
to ar;rcc that the siimc soun<l indiculetl or lefeiiecl to tlie same ihini» or 
event. As society developed, ica<,lciship cmciRcd. 'I'iic law vv'as the oidcr 
of the leader, and the continuity of law lay in what one num could 
icinombcr. (This is still ti uc ti> some extent in the villan.e and of the 
headman today, isn’t it 'M 

d'hen came a momentous levoUiiion, the fust of four in human 
communication. Man invented the alphabet. With the alphabet lie began 
to inscribe letters <^i figuie.s on clay and on wiouglit iion and on inaiblc, 
as Aslioka did. i-Ie became able to make pci manent and available to other 
people the things that picvioiisly only the cmpcioi had known. In this 
way the Ashoka pillars, for instance, provided feu' disstaninalicui of the 
law of one man. This conslilulcd a rcvohilion in lumum society. 'The 
invention of the alphabet may have been luoie dramatic and lar-i caching 
for the histoiy of man tlian the invention c-^f I'l'ientlsbivi Seven, becviuse 
it gave to individual man the light to begin to undeistand for himself 
what his own environment held for him. 

The second rcvoUiiion came to India- and to tlie Middle J^ast—at 
approximately the time of Chandragiipta TvTuurya. It followed on the 
invention of new material to lepluce granite and wtought iron on which to 
write. When a ruler could write on a piece of paichmeiit or a piece of 
papyrus, and roll up the manuscript and put it into the hands of a 
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messenger, as Chanclragiipla did, sending liis cmissaTies east and west and 
south to establish his Empire, he was able to bi ing many men together 
into a larger, integrated society. Similaily, the Roman Enipire became 
possible when CJa'-sin was able to wiite his laws on a manuscript and send 
them to the British Tsles, to Eiancc, to the forests of Germany, and even 
to the delta of the NjIc. E-Ie was able to rule a ticmendous empiie, and 
begin tlie aceumulution of cultural values because of a mere invention of a 
light material that could be oai ried, while it cariied a message. 

The invention of portable wilting material, however, did not give 
everybody the chance to shaie in the information anddiiection of the 
world ; the tlurrl great communication revolution came in the fifteenth 
century about 1470 when Giitcnbeig, a German carpenter said : ‘I think I 
could make wooden letters that would look like letters which people write 
with the stylus, and I could stamp them on parchment and then I could 
stamp again and again iind Iiavc thousands of copies wJiicli would othetwise 
take thousands of years for people to produce by hand*. 

Gutenberg's press brought the third great icvolution. The new 
knowledge that man had about the world—the sailing of Columbus, and of 
Vasco da Cianui, and IVtagclIaii—all this infoi mation was printed and 
disseminated os'cr the Eur<.ip<--ftn vvoild. A.t iho same time, new infoima- 
ation about past cultures of Oieecc, Rome, Egypt, and India was similarly 
printed and Sfircad. 'I'hc printing press also multiiDlicd new infoirnation 
about economics and ugricuUuic ; and the new world commerce grew on 
printed forms for doubla-entiy accounting sysLenis. The printing press 
really changed the visible aspects of the whole of human society. 

Pci haps the most far-i caching result of the third communication 
icvolution was an invisible one, which only twentieth-century scholarshix^ 
has coinc to undei stand. The printed book made it iriossiblc for thousands 
of iDCoplc to get mrormation for tlicniselvcs. A.ay individual could take a 
book, by himself, into the privacy of his own room and read and re-read 
what earlier he had only been able to listen to as some one read to him. 
The printed page became a kind of inlellcctual minor, in which a person 
could sec the syinbols of his own ideas. ECc could look at the page and 
say, ‘Aha, that is the idea 1 have here in my own head*. Ide became able to 
know his idea as his possc.ssion ; lie became aware of himself as a person, 
tic bcctimc aware of his self- It is significant that Shakespeare, writing 
approximately a hundred years later, piovidcs the first significan t use of the 
term ‘self’ in Renaissance litciaturc. lie makes Poloiiius say to his son : 
‘Eirst to thine own self be true There is nothing else to which the emer¬ 
gence of self-awareness can be so closely attributed as to the invention of 
print. This third revolution in communication is the base for modern man’s 
conception of himself as participant in the processes of his own evolution. 
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7 he is now in tl^c early stt^^cs <4’ the fouiih ^c^■olutIon in 

communication. It bei’an wiih the lust clccliic li an'nussion of sound, in 
Oic Ivlarconi telcrraph ai abc»ut ihc openinj^ this ceiUuiy. It continues 
N^ilh iiinuniiM able c!ccii('nic tl<.:\aces Tc^i iccoi clin/:, d iiplicalinu, niai^nifying 
and ti aTuaiulting. piclui cs and soiuiid. 'I'h’is rcv'oUi t ion, as we noted, is in 
it!, uaily stages of de\elopincnt. Rut we are well on oiii way to making tlio 
tala I accun}tiftttcii tn\(i avaunmlatha^ vulture of in a nk inti instanttincously 
available to an>oitc, anywhere iiisihe \\oi Id. 

India po.-»vides illustiatioii for each stage in the cvoUitiou of eomniuni- 
catioii. Ilar.ippa and Ivl nlicnJiitlai o [irovidc no evidences of writing. Tho 
AsJioka pillars ami insciipiions attest to the extension of ncTimal and legal 
codes thiough \vi it\ng. 'fhe dv^cuments ofChandi agupta and later lulcrs 
provide ample evidence tif the emcrgciico and significance of portable 
writing materi^ifs. 

CJ.uiient estimates slmw approximately 21 pci cent of the population 
litei ate, i.o., able to i cad anti wi itc suHlcicntly well to can y on noi mill activi¬ 
ties of btisincss and i csponsibilitics of citiy^cnshii’i. And nt the same time, 
the A.I anti the prolific motit^ii picture studios of Ronihay, Tvladias, and 
Calcutta Cmit to mention studios ol'othci cities of the vvoild) piovide the 
popultice with elccLi on ica I ly i ccordcd mid 1 ransm i tied images of many k iiids. 

Western culture has lived in the ‘print icvoluiion' for nearly 500 
ycais, Kastern und Afi icait cuUuics now iceogmyc tliat 1 itei acy is the 
avenue through which they cun achieve sclf-iindeisiand ing tind seif-diieclion. 
Teaching for adult Utciacy is one of the priiuviry inicicsts of the Walional 
Fundamental nducation Ccntic in IDelhi. If literacy comes lapidly to 
India, the anticipation.s of miHions of people will he heightened—and 
partially icalizcd. But this will hring an explosive levolution ineveiy 
aspect of Indian life. In education it will become impossible to continue 
the traditional patterns of schooling which even now wo know a:c ina]->pro- 
priatc for modern living. At the same time, as millions me idcali^^ing 
literacy in print, similai millions may skip light over this levolulionmy 
phiisc and land squaiely in the middle of the audio-visual world of movies 
and television. Will they do this without having inatuicd in self-under¬ 
standing and sclf-d ii cction 7 And if so, will education show the way to 
using these ncwci clcctionic media to help maiuic the hunmn self? If, or 
■when, this stage is reached, the Fotiiih clcctionic levolutiun may have 
reached its zenith — and. our global civilization will be ready foi its yet 
unidcntilicd fifth revolution in commuii icalion. 

IMPA.CT ON EDUCATION 

Perhaps we should expand somewhat on the implications for edu¬ 
cation of this newest communication, revolution. There are two we should 
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look at now. P’lrst, the electronic revolution has extended the range 
and accuity of the sensory organs of the human body. Up to recent 
times all education came to us through our own senses—ears and 
eyes, for instance, and our speech and writing which we listened to 
and read as our own lust audience, to know what we thought. Where 
once our vision was limited to 12 miles to the horizon, we can now 
see around the woj Id with such transmission miracles as Telstar. Where 
once wc could heat speech only within reasonable conversational distance, 
we can now lui n antennae in any diicction £ind hear voices from any part 
of the globe. Where once we could project our voice a few hundred 
feet, wc can now whisper and be hcaid aiound the world. So the 
electronic revolution has given our bodies a global reach never before 
experienced. 

Second, the electronic revolution makes available so much new 
information Uiat wc can scarcely handle it But our young people are 
learning to take it in stride. School ago children in the United States 
average six hours a day in school, four hours a day with television (which 
means approximately 20 programmes from many parts of the world) an 
unmcasuied amount of tinic with two newspapers that come to their 
houses each day, and simil..u*ly unmeasuicd hours with the several weekly 
and monthly magazines that they read. Xhc immediate result of this 
exposure to vast quantities of infoiniation is that they enter school at age 
six with a vocabulary of over 14,000 words. This is not because they are 
brightci than theii' parents (kvg may have averaged 6,000 words twenty-five 
years ago), or that they arc brighter than children elsewhere. It is simply 
that theit* corntituniciitujn environment is immeasurably richer^ and. they have 
greater opportunity to apjiro^iniate their potentialities than other youngsters 
It7?<r7 do not have this intellecitial-emotional feast always spread before theni. 
It is an interesting note, in passing, that an integral part of the definition 
of A.mbassador Galbraith’s 'affluent society’ is the abundance of informa¬ 
tion and new knowledge available to everyone. 

I have used the United States as primary example of the farthest 
reaches to date of the electronic revolution ; but I also think that com- 
l^arable developments will reach India vii tually *day-after-tornorrow’. 

A. third aspect of the communication revolution which has bearing on 
education is the direct outgrowth of the increase in available information. 
Where we once thought the classroom was the major channel for the flow 
of information and the transmission of facts and. values in the culture, we 
now know that this is no longer true. 'W’e know that children have access 
to more and learn more every day through other channels of communication 
than the classroom- 'What does this mean for formal education—and for 
teachers in the classroom 7 
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RCJK1-. OF 'mi- IT AOHI R 

1 he functions of tlie school and tlie teacher change Wc do not 
cinitinxic with fornier roniinc proccduics, perhaps ityiny lo do them better 
to compete with tlio eloctionic media. A.nd we tioii’t condemn the media 
as intrudeison the lime and attention of children. Hut wc do examine 
the nature <!•!' the unrelated and otherwise cltaotic matei ial bein^ picsenled. 
■W^e ohsorse the need I’c^r dcsipii. 'I'ho teiichci’s I'unclion then becomes one 
not only of infoimatlon, but of tcac}]in5X tJjo to cjt f>a?uze 

inJ'<>rn\iitioHy eaul thij uvit'.v to ovaliiiitc it, ami the liv/j's to i/iinJc cihoiii it. 
This is tcuchinR of values and teachinj' of methods of oi iian.i;fation. A 
disorganized life is not a very inlorcsitng one. The tcachei must help 
people to organize their lives, to achieve a ‘design for living*. Tlieir lives 
may be organized at the level of sheer physical subsistance They may be 
organized at the level of nai row iittcntion to cieating and fostci mg a 
family. Or they can be organized at the level of creativ^c innovation and 
contribution of an oiiginal nature to the society. These aUcrnutivcs put 
greater responsibility on teachers than wc have ever shoulUcied bcfoic. 
It puts us into what is probably the most strategic position in society. 

So the communication revolution has totally altered the situation in 
education. This change seems not to have come to every vilhigc school 
yet. Hut it may have come more fully tlian wc let <xurselves realize. We 
may still be looking in the textbook for the daily lessons, and not into 
what the youngsters have heard over the radio tlic night bcftiic. Jf xvc deny 
to them the chance to think coiistruclively about what they liave heard 
over the radio or seen at the movies, wc ate not making the school a parti¬ 
cipating part of the community, 77i£? scitool ouff/U to ficlp ta do batter 

w/tat they are ^oin^ ta do anyway. It should not try to make them do some¬ 
thing which is extraneous and foreign to their noimal lives. 

What has this to do with ‘teaching mclhocl ?* Let me Cry to point 
up some relevancies now. In the first place, the dramatic impact of com¬ 
munication on CLiUiirc generally has led to study of communication pro¬ 
cesses by social scientists in a numbei of countries, including India. One 
political scientist at’V'alc University, Harold Lasswcll, pi oposed a kind of 
‘formula’ for examining arty communication situation. It is simply 6 
questions. 

Who 7 
Says what ? 

To whom ? 

Under what circumstances 7 
Through what medium 7 
With what effect ? 
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Eclucatois» cibscivini* that finy rs a <2<}}}inuiuicaliafi situation. 

use this Mormula’ to detoinxine just what happens in a class. Now let’s 
suppose that yem apply this rt>iniulato youi fust class tonioiMivv moining. 
How many iniuks vs'iU you pivc yc3iii self in youi class as yt>ii answer these 
quesPons 7 Let’s take each oi>c in turn, phitisint; the tinestions personally 
for each toachor. 

iV//CJ V 'Who talks in iny cUiss V I do, of coiiise. l^ut wha cini FI 
V come fiom a family which has hecn far niore favourably ciicurnstanced 
than that of any of niy students ; so the values T try to tiansmit arc not 
their values tu ihcir parents’ values. How do I leach them, to translate 
and transmit full uudcrsUindini» of India’s diversity ? Am I callable of 
this task without pas&in^^ on my personal biases 7’ 

In addition to this fundaTnental introduction generated by the inter¬ 
rogative ’who 7’, there is the question of ihe obscivable speakers in the 
class. ‘Do I do most of the talking 7 Do my students have opportunity 
to speak in class ? Oo I ever bring into class men and women who know 
first-hand the problems being studied in class—people from govcrnineiit, 
from industry, or doctois, scientists, authors, community development 
workers 7’ Such a series of analytical questions, you see, could challenge the 
teacher to alter tlic actual inctliod of managing the class. But let us reserve 
further comment on this until wc examine the class-communication situa¬ 
tion from the other key points of rcfcicnce. 

SAYS AT' '1 ‘Wlioevcr speaks in my class, does he merely repeat 

the words of the textbook ? I-Iow much of the vast world of new knowledge 
finds Its way into the classroom ? When they recite, do I function as a judge 
and say ‘Right. Sit down !’ or ‘Wrong. Sit down !’—or do I pose the 
kinds of questions for discussion, that can only be responded to by some 
original, hard thinking, which cannot be ‘right* or ‘wrong’ hut always an 
approxiiTiation to fuller and fuller information or skill in thinking 7’ 

TO \YX-10F>d 7 ‘Who arc my students ? How much do I know about 
each one, peisonally, his abilities, his interests, his aspirations, his affec¬ 
tions and Ins heroes, whose lives he uses as models for his own behaviour ? 
In my classroom, docs my attitude make him a diJTerent jjerson fiom his 
normal wont—iDcihaps icluctant or rebellious ? Or do T enlist his maxi¬ 
mum efforts, his en thusiasms, his devotions that constitute his best self? 
When 1 ask a question, do I diiect it to a .single pupil—so that only he feels 
responsible foi answering it 7 And does he give the answer just to me ? — or 
do I pose questions that involve the interests of the whole class, so that any 
pupil’s response can in turn be the subject of comment by other pupils ?’ 

UNDER. WFIAT ClKC UNI STANCES 1 Xhe classroom, of course, 
is a unique circumstance. Ohildern of approximately the same age are 
crowded into a single room with inadequate light, air or moving space. 
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I I. 1 ' li Mujft V*, u n i Mi' III.i m pii Kit u^n of tliinjz,-.- aniiiinls, stones, 

IK fiiM-i MIC p*nnt i»f view ihininished to the nianipiilaiion of 
v'loS'.l-. ; K 11 uln.T, it i- intniitoly eniKiace the woiKl’s 

it fit.’ v.os.i^ sy tnht »| thiiiys ,inil coin-epls sudK'ienlly familiar to 
hav in -.'’- ti *. I Iv* *aj titi«. iality' vxlciitls to the iisns of information 
1 1 < I w .o o vK 1 m tlu elassrotan. 'I In* tva<,ln.*r may well a*.k siieh a ‘.eilos of 
tpat* ill th'-n. a^ the'- * ' *\Vlial ^aei iti. <'s have my pupils’ paicnls maclo 

to jMst tlwin in honi '! 1 T.ivc tliey ‘ v.slHnply anti in hieh expectation 

of leainin*' ? ! t.i\ e I st‘!ectvd mateiiat l»n study tliat is pcitinent to the 
live?-v ot' tlu* students 7 I low mn. h of tlieir atlLMition is focursed on passing 
tlie exaiii’.n vtioip and how inindi t-tf it on I’etlin^; infoi inalion iind skills 
tlivit haVv* \s»hK‘ fa« h-^\ojui the examinat U »fi ? A-s c.ich day ends, can 1 
h«' iiOkI ly say lh,)i \\h.it 1 liav*' done, will contnhuto to stnini constructive 
chanye for my j’nipiK 7’ 

'I UROirciif ir//dY’ Xfi:nnr\t 't Wheo St^ ial scKniisls applied this 
cpiestton lit ctiminunicalion ‘itnatioii in ttojnmnndy life llniir answers 
u-aifilly indi'alcd cithci t->,»f»Ks, latllo. motion pioluies, television, news- 
ptipers, inaya^'ines, or bdlhi^at ds. 'I he {uKi pi at i< mi it> tlu* I'lasM'oom doesn’t 
alter the poUmlial lesponse*. very imicli, thonyh in tu tu ility, Nvilh power 
and cloidronio OLpiipinmit at a rniniinnni, motion pietinns and television 
at this mi>mtait wdl m^t he widely tiKcd. Woverihelo^s, the teacher intLiiir- 
iny. inffci his own proeodnies may well ask lumsclf . Mt)o I dejiend s<ilcly on 
print for insti ni;lion, ami NViiUin that medium, almost ^’iilhcdy oii books? 
C>r do T sec to it th.at newspapers become a siMiree of iid'ot m ilimi and a 
btis'is f\tr insO fictiofi in ro/cr/f/io keep a lialanced .and infcirined view 

of the wtuld scene Do I use the ctinlont of the All Indiii Radio for new 
inforrnation and a basis for instruction in how tr^ listen, to kcej'i up with 
the current scene 7 Do I use pictures, whether motitin pictures or still 
pictures, to provide; referents for new v<»cabulary and ci basis far instruct ion 
in how ta observe, to enrich the woi Id many of us walk through virtually 
blind to colour, shape, tcxtuic, and design. I>o I use student compositions 
to share infoimalion in the class iiml as a /m.vi.s ft^r instruct ion in /inw to 
write, to clarify one’s own ideas for himself tind cithers ? Do I keep tho 
students in their scats, <ir do I prt»vidc <ippoctuuity for sUaiponing ideas 
in discuss'u^ns, itmnd ttiblcs, dcmonsimlions, and as a fnisis far instruction 
in haw to .speah in varied .situations, to vaiiecl aiuliences* for varied 
pui poses ?’ 

WI ni WflA'r Is I'i''"t T.'lic purjioses t>f c<^rnmunication viiry 
broadly- When we talk to or ut people, as Hitler did, the process is essen¬ 
tially ‘one-wiiy’—fi om the speaker to the hearer, with expectation of total 
agreement, conformity and obedience. AA^hen we talk with friends or res¬ 
pected associates and pupils, the process is essentially ‘two-way’—with 
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expectation of the liccircr’s responding; tlioiightfully to what we say, tiying 
to ii[idcr-%t:tn>l so that he may ;ippreciatc oui point of view, wichout neces¬ 
sarily adopting it. When we talk with people, face to face, wo watch their 
expressions to see wlictlier wo have ‘coinmunicatod* successfully and 
wJietho]' they appii^ve, negate, qiie'>lion ox- qualify, Xheir oxpiossion is a 
form of icsponse ; it is 'fced-bwick* which IcHs us how to modify our next 
statement to effect u mcctini» of minds wiili our listener. 

Xhe situation in the classioom is basically the same. The teacher, 
presumably, is constiinlly concerned with the success of his communicating 
—and the success c.if his m iciageinent of the communication of otheis in the 
room, as in his system of questioning, his invitations to special people to 
supply otherwise unavailable material to his students. As he checks himself 
on ilic ciricicncy of his connnun ication, he may well be thoughcful along such 
lines as these : ‘What results do T want fiom my teaching ? What is the 
best method for inrorming myself of the extent of my success ? Is a ter¬ 
minal examination the best way ? Oi docs it come too late to diagnose 
my pupil’s problems in i.inderstanding me or the material, and hence too 
late to re-tcach or rc-dircct thinking along rewarding lines ?* 

As we think back over the six lending questions — Who ?, Says what?. 
To wUoni ?, Under what circumstances?. In what medium?. With 
what cfToct ?—we rcalii'c that all of our subordinate questions deal vviili 
methods of conducting a class. This aspect of classroom management is 
teaching method as we have conventionally thought of it. 

nFFCCT ON XE^.C'HINO METHOD 

Our new awaiencss of communication processc.s, though, suggests tliat 
there is an additional dimension to icacliing method that we will be paying 
more and more attention to in the next few years, staiting now. This is 
the way we vary our tc£t^htficfhod to relate it to tVic methods oj^study and 
reseat eh of the scholars in the academic fields we teach, blow, for instance, 
do our methods of teaching science relate to the methods of inquiry of the 
professional scientist ? Oo they challenge the student’s curiosiiy to uncover 
pioblems, his ima<*inafion to experiment with their solution, his )vi// to 
pcrscveie in his work, his ihrtll and excitement in achieving by himse/f some 
acceptable solution ? It seems imperative that we devise classroom pro¬ 
cedures for handling the various subject matters, so that the pupils, who 
arc our next generation of sclioIarJy leaders, will /'Cno\%* wliat it is like to 
work in any given field, and be able to choose a profession for themselves 
wlrlch will enlist their unstinted energies and professional attitude and 
loyalties. 

Briefly, liow might this proposal guide our handling of classes in tho 
several subject fields? Xhe research scientist always works on still unsolved 
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pf'' 1.1“..;. ■ i;> 1 *!’tnj'tild nm-s. fan tlu* science teaeheis devise 

''lui; !i-, unstshed (suMeijK in vsliuli die •'liulent's learning how ho goes 
.ji'oiii the sohiii. n r. iniKh inoie iniporlaiit than ilie solution itself? The 
social seieun^t ’.s^nk-^ coii^taiilly with piobleiu situations which have no 
\u f’le cause .uni no snijile resuh, He knows tli.U e\ety piohlcni liu.s mul¬ 
tiple 1 aiisc'' and 1‘vcry ‘.olntion niullii'lf fllects. Mis goal is to achieve 
masinium i oii'.i i uc t ivc i tKa ts. {"an the Usic her of social studies, history, 
huniaii giogtaphs --ct up Icatning situ-tiioio. which tc.ich the patience and 
discipline of ihc piofcsMoiial ’ I'lic svMcniifk- linguist sludic.s languages 
as thcyaic spoken .ind wiiileii in d.iily life, not in hooks ahoiil language 
Isn’t this also the h i .is 1 unni.igc lahoiaPuy for students of language ? 
Wh.il (HOCcdUK'S i ,.n tlie I tut'uai'c tcachi-i use lo lu;l(> siudeuts observe 
ihi sli lu inic of language and the coioe(|iifiu cs of the use of varied con- 
si i in tunisIlie pi .-let ising ailist, wlietliei p.iintcr, aiulnu, coinpo.ser, 
au hiU't I or d.uK Cl is piiniai ily eoiieei ne<l wilh giving foini to ollieiwi.sc 
eluiolic aspcc ts of Ufa IU' is‘on lus own’ ui this dilhcuU inoeess, not 
co|i>in;' oslu'i an works, inU askmi' a tiiciid liioy lo put iti the nest line or 
woul 01 noU‘ oi iiiovenu'iU W’hai docs the Ic.nhci iii each of these art 
nu'iliuius do lo alToul holti the iiisci|'Vuie ,iiid the ficedoin (,uid the liccdom 
that coiui". thiough discipline) to solve tin- luohlcins nl foini ? 

liacli Ic.ichei as a piofessioual edutsUoi has the icspoiisihility lo lead 
his student lo undcislainl the values and actiuiu; the atiitudcs and skills of 
the (11 orcssioual \voiket in othei Helds of eiide.ivnur. Ills fiuieliou is lo 
help young people le-examiue the iirocesses of testing hypotheses and of 
cieating new knowledge. This is only possible through language. It i.s 
one of (he most impoilant foims of coniiminication, and like all other 
(sioccsses, can he improved if we raise it to the level of eonselousness and 
woik on It 
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HOW TO MAICE A SLIDE RULE 

Slide lulcs are being used oxlensivcly m business and industiy and it 
is therefore necessary to begin at the school level to give the students some 
idea of its constiuction and use. It can be easily constructed (at least for 
rough calculations) in the school work.shop by the students themselves. 

It IS an activity, tapping the ciealive instinct of the .students, to useful 
purpose. 

Articles Rotjunecl ; 

A stilT piece of canlhoard, a tuler, a hai d pencil, a shaip cutting knife, 
and an erase r 

Procedure ; 

1. I'iist cut tliicc rectangular pieces t>f cardboai d of the following 
measurements . 

base piece 12 inches by 2 inches, 

two upper ones, each 1 inch by 12 inche.s. 

2. Place one of tlie 1" strips on trip of the 2" strip, so that the 
upper half of the base strip is completely covered by the 1" strip. 
These two strips will foim a rigid part of the slide rule on which 
the other remaining strip of I" width will have to slide on the 
lower side of the I" strip fixed to the base strip. 

3. Place the other I" strip on the base strip in contact with the fixed 
1" stiip and on the lower side of it. Take care to keep it fixed in 
that position until you finish marking the slide rule. 

4. For convenience of reference let us call the upper strip Y and 
the lower strip X 

Now mark a disCtince half an inch from the left side of the base 
and draw a vertical line—veiy thin—to mark this starting line on 
both X and Y. 

5. IVIark this starting line a.s ‘1’ and call it.s left hand end ‘1’. From 
this left liand ‘1’ line measure exactly 61. inciies distance to¬ 
wards the right hand end, and draw a vertical line perpendicular to 
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line fsne I 't.'.t-n ,X . Nl.tiK. tUi’v I«n!.r »U-i> .is ‘I' and call it 

R i 'ht h .! n d ‘ 1' mark 

Cy '^ktn rnnst Iv rsinmady a<.ci*rat«* in maknn' tlu,* marks described 
; b'^v.'. 'I'rnu - \ . iHa%.y in n aUm;*' the • Udo i ulc depends upon 

\*'Hr in laakin)* tbe-c in.s:ls and cliav. inp llie \eilical lines 

V4.' f y I hi n ;4 nd t < u n i. l ly pi a e I at .i d i* Inu e t >/ r» | inches apai 1. 

7 ISlnw ineaHiit*.' idl'esa'dly mclicn ftnin tin* I-. II. ‘I' mark and 
nt.ikc anoihei thin line at this p.tint on bt^Lh X anti Y. 

Call thivniaik .I f>n hath tlic sc..dcs. 

H. '1 hcTi incaMirc oU' 2\\ iiichcs ritiin the I. II. ‘I’ mark and 
apain thaw n \cilic;d thisi hue nml mviik it 'a*. 

9. Sinulinly make tvnothcr thin %'uttical line at a distance of Sht 
inches I'rtim I., II. *1' mark und call it ‘7* 

10. Now ytui liavc the mavkmjis I, 2» 3, 7, and the I on the right 
hand sitle. IT yovi have, all tho nuii kings coiicclly tttude, youc 
jsUde. rnle will give yon accnraio icsnUs, i( ned* ihcic will be errors 
in your calcnUttim^s latei when yoti use U. 

11. You luive the slide rule now as shown below : 



Now slide the X strip along towaids right so that the L. I-I. ‘I’ 
mark coincides with the mark *2* on Y strip. 'then produce the 
Uric *2’ on X npsvards on Y and mark ii ‘4’ ; also do the same 
thing with mark ‘3* on X and the line produced upward on Y 
may nc^w be mai ked ‘CSk I^epcat tlie procedure for ‘7* maiking 
the line on Y as ‘14’. The slide lulc will look like this : 



12. The Y scale has now markings 1, 2. 3, 4 and 6, 7 and the 
R. H, *1'. IF you place the *1* ofX directly below the ‘4’ of Y, 
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you will get ‘B* mark on llic upper scnle, directly at)ove ‘2’ of tlio 
>C scale Again Uy putting ‘I’ on X. scale below ‘3’ on Y you will 
get, ‘9’ mark on tlic Y scale directly above ‘3* of X scale. 

Xiius, you have all the marks fi om 1 to 9 on the upper seal© 
except ‘5’. Xo get this ‘5’ inaik; on. the upv^cr scale, place the ‘2’ 
of the X settle bcl<'>\v the l^t.. I-f. *1* of the Y scale and mark off the 
line on Y obUiincd l>y pr<5rlLicing the ‘1’ mark line on X upward as 
‘5’. Xhii-^ you laivc all the maikings from 1 to 9 on the Y scale 
tincl the 3 1. *1* of that scale serves as ‘lO’ mark. 

13. Now bi ing back the lower scale, make the L. I-I. ‘I’ on both the 
scales coincide, and mark off all the remaining figures on the 
lowei scale exactly as on the upper scale, producing the respective 
thin lines fic^iU (he upper scale to tower scale. Xhc scales should 
MOW be jibsohitoly idcniical m appearance as shown hero. 

1 Y 3 ->Se7S91 

-j- *. • ' » ' I j-l-t'-l—I**-t 1 } [I'l}— 

i Y r* 3 -4f3 0VBQI 

14. At exticlly .1 inch from the L. H. *1' on both scales mark off, 
11 Cor 1*1), and at exactly at> inch from 1*1. ‘1’ maik off 
13 Cor 1*3) and proceed to mark other details given below. 

15. Before proceed ing further, it is important to note that the unit 
digits 1, 2, 3, 4, 5, CS, 7, S, 9 also rcpicseiit lO, 20, 30, 40, 50, 60, 
70. SO, 90 or I GO, 200, 300, 400, 500, 600, 700, 800, 900 etc., 
respectively. 

16. In the siinio way, 15, 25, 35, etc., rcpiesent also, 1-5, 2-5, 3-5 or 
150, 250, 350, etc., respectively 

17. Now to obtain other markings, place 2 of X under 3 of Y and 
xnaik off 1*5 or 15 above the I-r. H. *1’ of the X scale. Also mark 
off 4*5 or 45 on Y scale directly above 3 of X. 

IS. Place the 2 of X under the 5 of Y and inark off 3-5 or 25 above 
the L. T-t. "1’ of X. 

19- Place the 2 of X under the 7 of Y and mark c^fT 3-5 or 35 above 
the L. Id. of X. 

20- Place the 2 of X under the 9 of Y ami mark off 4*5 or 45 above 
the left hand ‘P of X. 



Hi KM St fl Wt « 


"A, l>ivhk’ tiliO ‘-I liciwcfii X uiitl *j> .ind K. 11. ‘I” in half and 

m Ilk '■hf aii,d A > 

72 . Fiati; now ilu; I, 11. t»l X. untlci the; 11 <»n V aiul mark olF 5-5 

t‘i on "V' ih«>\e the 5 on X. !>»' lh<* saniiL; f<u the 1 on Y, and 

in.uk oil’<'v.S tu fill V'. 

.13, IMiU f t\ie 1. £1. ‘1‘ oil X ntulci 15 mi V inul mark t>fV 7-5 or 75 
on Y iliicflly uIkivo tlic 5 t>r X. 

24. Ntiw place the 5 t»t X iindei the 6 o| Y (this is like phicing lO of 

X iintiei the 12 ol V) and mark oiV 1-2 oi 12 on Y tibovc tho left 
hand '1' on X, Oo the same f<'r 7 on Y anti inark oif 1 4 or 14 

on Y aVmver the L. H. '!’ of X. 

25. Your uppei scale has now 11, 12, 13, 14. 15, mnikcd olT in it as 

well as 20, 25, 30, 35, 40, 45. 50, 55, 60, 65, 70. 75, 80. 85, 90, 95, 
and the hand *1* as 5.ho\vn in diajpram here. 

4—X—*- —f- *-+-+- f M -!4 * <•♦?-* 

I Y 2 3 •<tS67B*PI 

26. rUe rest is now easy. Pkicc the I_. !-{. *1’ successively tinder 11, 
32, 13, cLc., and use the 2 on the X scale to mark oiT 22, 24, 26 
and 28 between the 2 and 3 on Y scale. 

Xo jjet 16, 17, l8, 19 on Y scale place the 5 on X under the 95, 
90, 85 and 80 of Y respectively and maik off 19, 18, 17 and 16 
above the L. H. *1’ on X. 

You can proceed in this manner to complete the other details. Xlie 
two scales obtained must how’cvcr be identical. 

Your slide rule is now icady for use. 

C^. K. yVthlayc 


THE ‘MERCURY HEART'* 

This is a simple experiment which will give plenty of fun and at the 
same time provide definite material for thought. 

• Taken from tlie ’Saence Masters' I3ot>k Part It, Series IT, Jolin Ivlurray, London. 
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Pour a drop of iTcrcury. about J in. diameter, into a clock-glass, 
cover wtlh water, add a few drops of sulphuric acid and stii in a crystal of 
permanganate, or a few grains of powdered potassium dichroinate. 

Pix a sewing-needle, mounted in a wooden holder, in a retort stand, 
and bring this up until the point touches the mercury in the positions shown 
in figuic. W'hen once slaitcci, the drops will continue lo ‘beat* Tor a 
good time. The starling requires some patience ; a change of needle may 
help, for no apparent reason. The needle must be steadied. 



I 



A StiffExp/i-itjafion : The effect appears to be due to the for¬ 
mation and polarization of a simple mercury-iron cell. 'When the needle 
touches the mercury, a OLirrent passes and a minute layer of gas (H) is 
evolved at the mercury. T^iow ihe drop assumes such a shape that the sum 
of the gravjiational and surface energies is a minimum. Dut the surlace 
tension of a mercury-gas interface is greater than for mev'cury-acitl 

(320). "Thus, when gas is formed, the suiface energy becomes greater ; 
hence the drop becomes more spherical, ihus retreating from the needle. 
Upon d isiippearancc of the gas (greatly hastened by the depolarizing action 
of potassium permanganate), the suiface tension falls again, the drop widens 
once more, touches the needle and the whole action repeated. Xhis is coii- 
fiimed by touching the drop with one end of a platinum wire, when no 
effect is produced ; but if the other end of the wire is twisted round a needle, 
the phenomenon is observed whenever llie needle is dipped imo the acid. 

Without potassium permanganate there was no oscillation, but only a 
single quiver of the diop as the needle touched it. The magnitude of this 
quiver fell olT with repeated contacts, and after four or five, it could not bo 
detected ; the cell evidently polarized rapidly. This cn'cct was so small 
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Ihvit oi e 'wouhi fail to detect it until ho had seen the phenomenon with 
potassium pet nianiianate p>rcscnt. 


'Fdl ARAOITK Sr.RPrZTNJTS'* 

"I he author rcccnliv t,lisc<'»verci.l ;iccu 1 cntnl\y that excellent 'serpents* 
can he mule by the r<^llo\».inp method. 

p-ISlitronccta,nilidc (5 2()iz-) is tidtied to . 5 . of its weight of con¬ 

centrated svilphurtc acid (I mol.J i*'^ small porcelain dish and the mix¬ 
ture is heated strongly on gaui'c, when it melts and a vigorous reaction 
begins to set in at about 2ni)''c. 'I his is rapidly followed by a mild explosion* 
in which a large snake-like mass of carbon shoots out. Tn this %vay ‘snakes* 
a yard in length and as much ;is 5 in. in diameter can easily be obtained 
from a 100 cc dish. "Fhe snakes tire black tind spoirgc-liko, and they ac© 
not nearly so brittle as tho.se obtained from mercury thiocyanate. 

Where a fume cupboard is available, it h;is been rf)untl that the ex- 
pcrinicnt is admirably .suited Tor lecture demonsti ations. Acetic acid vapour 
is the main gaseous product evolved. 

* ‘I'akca Tfoa^ ihc AV/f/<c«? Hot>k Part II, .Series 11, John Murray, I-onilon,. 


STUOY OF THU BSTIMO MEICFIATSIISM OF A SNAKIE 

The students visually express surprise when they arc told that an 
ordinary snake can swallow another animal much greater in size than its 
own mouth. Also it is pretty hard to understand the action of the 
movable quadrate bone with the help of cither ix mounted skeleton of 
snake’s skull or from a diagram. In a mounted skeleton the quadrate is 
immovably attached to the skuU and the lower jaw. 

The fact that the poison fangs arc made to open outwards as the 
mouth opens, i.s hard to understand for the young learner. 

Both these phenomena can be explained by means of a working 
model which can be very easily made by the siudent.s themselves in the 
class. The idea of the model is not original and has been taken from the 
Science Masters* Book Part If, Scries II. It cannot also be claimed that its 
construction has full accuracy. However, it illustrates the principle of the 
mechanism whereby the gap of the mouth is made unusually large, and at the 
same time, the poison fang is made to move outwards as the mouth opens. 












SC It.Nc-i, 


t nr -itJCl u:i\ in tlie model to work is finding tlie position 

oJ sSir A. A. sini.dTie position for tins pin is suggested on the dineram 

Hi, s.njsmi; the iiositx.n ot the pm. a gap of various .si^^es may be obtained" 
Thts pin of eonrss-. is an .irtifiei.ilitv, and vines not exist m the animal li 
in, however, nveios.irv- fo, ii,e woikinp of the moticl and may be concealed 
li»y a picci* tii p.iprc. 

Atl ih;U vvtU rv..juirc(i tt\ He ih»ne is to push downwards at the point 
c'f tu Usul.vtit'n of thf tjiKulrate iiitdni ihn lov^cr jaw 
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TvJ K. SANYAl^ 

Oeptt, of' Science? ISducation, Delhi 

This IS the second of the senes of a plan of (caching unit based on the Unit Approach 
to Teaching Science as discussed in the previous issue. The topic is suitable for class VII 
and discusses transmission of heat. 

Topic : Mow heat travels and affects our lives. 

r. INTROnUCTtON 

A. Jsjcperitneuts : 

(0 Take a metal lod and a woodcii lod of the same length and thick¬ 
ness. K-eep one end of each in the fire of a stove or ‘angithee’ for some 
time, holding the other ends with your hands. After a short while which 
one is warmer at the other end ? 

(ii) ICecp a copper coin on a piece of paper and carefully warm the 
piece of paper below the coin. Which part of the paper is singed first ? 

Ciii) K-cep some crushed ice in a thermos fiask, cork it and keep it 
aside. Keep an equal amount of ice in another open ordinary vessel. 
Examine after some time the diffeiencc in the quantity of ice left in each 
vessel. Why is thi.s difference ? 

(iv) Take a hollow brass rod m which is fitted a wooden, rod of the 
same diameter. Wrap a piece of paper at the juncture as shown in the 



figuie and warm it over a spirit lamp flame foi a few moments, 
part of the paper singes first and why ? 


W^hich 



Si sc II r^c‘n 


H fht' prt'ii/rtftufrx c^xpcrti rscr\ (rru/ cai/sc\^ of some of 

fhe vxpcrimces hhv fiu^ /ii/Zo.-i #/it; ti* ensure nuniyttn'nn tf (fie pupils : 

(a> Why do svt: keep lec c'ovcrc^l witli saw dust iind whipped in 
yuuuy V 

(f>) How is it Ihul the whole of a metal rod f’cts hcntetl wlicn one 
cud is pul in lire Hut a wtuulcn pencil docs nt>l Uchav'c sti ? 
fc) Why tiocs ihc mct.il knob or hainJIc of a dijor feel colder than 
the wooden panel tin a winicr moi ninjr ? 

(tl > Why docs lea rem on h<^t in a thermos llask ft^r hours and 

yet ice can be kept without mclimij lor many hours ? 

Cc> Why do we use a cpult to prtncct us from cold in winter ? 

( f ) Why is there a chimney for a fire-place or furnace ? 

H. Qtn srtciMs AMO amsw£ us 

The problems and cjucstions which remain to be answered arc :— 

1. How does heat travel in solids ? 

2. IDoes heat travel in all solids at the same rate ? 

3. How docs heat travel in liquids ? 

4. How docs air get heated ? 

5. How docs the heat from the sun reach the earth 7 

6 . What is radiation 7 

7. How arc winds formed ? 

8. How docs the thermos flask work? 

m. ACTtvt'nns amd fxperimemts to mz usi*o iw soi^vimg problems 
AMO AMSWMttNO QUriSTiONS 

H Heat travels through solids by conduction^ 

(0 Fix a few beads by wax to a metal rod and fix it horizontally to a 
clamp, as shown in the tigurc. Warm the free end of the rod by a spirit 


lamp. Observe what happens to the beads on the rod. This process of 
transmission is called conduction. Conduction requires a medium- 

(ii) Light a thin candle and touch its tip with a copper spiral (made 
by winding a copper thread around a pencil) and sec what happens. Then 
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first warm tlie tip of the copper wire and repeat the experiments Do you 
find any difference ? 

2. £>oes heat travel in all solids at the same rare ? 

Take a metal box containing 4 or 5 holes on one side. Take an equal 
number of ditTcrent rods (copper, iron, brass, zme, wood, aluminium, etc.> 



of the some length and diameter. Fix the rods tightly into the corks and fix 
one rod in each hole. 

Fix a few beads on each rod as in the previous experiment. See that 
the satnc length of each rod is inside the box. 

Put boding water in the box. See what happens with rods in each 
ease. If a watch is available, record the results as follows :— 


tvfatmnl of 
Jioct. 

r‘aU$ng of beads. Tttne in seconds, 
tsi 2rtd 3rd 4di 5 th 

Iron 

r’oppcr 

Wood 

Zinc 

Alummivim 

1.1 rass 

1 

1 






3. How does heat travel in liquids ? 

Ci) Fix a test tube lialf full of water to a clamp in an inclined position. 
V/rap a piece of ice in a small piece of wire gauze and put it at the bottom. 
Warm the top of the water level till steam starts coming out of the mouth 
of the test tube. Touch the bottom of the test tube. Does it feel hot 7 
Does appreciable amount of ice melt 7 What does it show regarding the 
conductivity of water ? 

(ii) Repeat the same experiment (without ice) using mercury in place 


SCIICK)!. P. 


of water* Ol^scrve the dilTerciice by toiiclun^ the bottom of ibc test tube. 

^iii) b"iU a Husk or a wide ticakcr h*tH \'kiih vvaier. Put it on a wire 
gaui^c over a iiuivid. Catcfully d a cj>stii! of pi^Uissium. pcimunganato 



and warm the water. S^c the movement of coloured water in the 
vessel. 

Let the pupils deduce that the heat from the bottom is carried by water 
molecules upwards and their place is taken by others from the lop. "I hia 
process is called convection and the circulation of the liquid is called 
convection current, 

(iv) F-it an ink bottle with a cork carrying two pieces of glass tubing 
as shown m the figure. 0»ie piece should bo drawn tis a jet and extend 
about five ccntimelcxs above the coi k. "I he oihcr lubc should be lc\cl 
With the cork and extend nearly to the bottom of the boulc. 




Fill bottle with hot water that has been coloured deeply with ink- 
Now fill a large glass jar with very cold water. I^inse olV the ink 
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bottle and qiiickly place it on the bottom of tlic large jar. Observe and 
explain wliat Iiapi^ens. 

4-. does ctir f.iet heeitecJ *? 

(i) Recall or make pupils observe the bard, surface of a tarred load in 
the noon and see the wavy inovemcn.t of air near the surface. 

(ii) Fix a burning candle on a trough. Fill it with a little water. Cut 
a piece of card board of the shape of T which can fit on the top of a lamp 
chimney. 



Now first put the lamp chimney over the candle flame. What happens 
after a few moments ? 

Xlien take tho chimney out, re-light the candle, put the card board 
*X’ over the chimney and then place the chimney over the lighted candle as 
shown in the figure. Observe if the candle continues to bum or not. 

Xhen. bring a piece of smouldering paper near the mouth of the 
chimney. ’What does the movement of smoke indicate ? Xhis shows that 
there is actual movement of nir particles in a particular direction. Xhis is 
called a convection current. Convection requires a medium, liquid 
or gas. 

5. I-Iow doGS the heat f'rom the sun reach the earth ? 

(i) Stand near a fire or stove. Can you feel the warmth ? Interpose a 
piece of card board between your face and the fire. Can you still feci waimth? 
^Vhy can you not feci the warmth ? Does the heat of the fire heat the air 
between you and the fire ? Why is the heat cut off by the obstruction ? 

Cii) Xake a hand, lens in the sun. Put a paper below the lens and 
adjust the lens so that a sharp image of tlie sun is formed on the paper. 
Hold for a few minutes and observe what happens to the paper. Where 
has the heat come from ? Feel the lens and see if it is also hot. 



sc I If K »1 SC I 


I el th'^ V >n<-»iii.ic iSial rhc heat mf ihe ^.uii and the (Ire has conie 

wtthont hea^snst me ^cn>. .‘*1 an I his kfinl »'(' heat is ealled radiant heat 



and the prsieoss ni'iiansjnission is mailed latiialmn RadjiitToii i^lnes not 
need anv mocinini. 

h. li htir an' lfi<' /)/ apt't r*f f,txltotir ht'iit 

(0 Kelleet t!ie sun’s jays l>> ii niiiior »>ii tJic lace of a pupil. Ooes he 
feel t!ic sun’s wiiiititli ' 'I'his Is renccrtioii of heal. 

(ii) Take a ]->oiind si>re tin 01 any othei comamci like it. fs-^ake two 
vertical lines opposite each otlici to divide the surlacc in two parts. f31acken 



one half of the inner suifacc by u black ptunt or soot. Keep the other 
half shining. On Lite outer surface fix a match stick by a little droplet of 
wax in the middle of the blackened and shining surfaces a.s shown in the 
figme. Then light a candle smaller in si7;e than the tin and fix it in the 
centre of the tin. Observe after a while which of the stick falls eai’lier. 
V/hy does the stick fall ? Which snface absorbs heat quickly '? 
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(iii) Take a test tube whicb is mirroxed from inside. CTbis can be 
leadily done by warming a little glucose solution with ammonical silver 



nitrate in th.e test tube and tUen tlirowing away tlae solution and drying the 
tube). Blacken tlie outei surface of another test tube by depositing soot 
from a candle dame. 

Put equal amount of hot water in both test tubes eind put a thermo¬ 
meter in each. 

Observe which tost tube cools earlier. V/liich test tube has given 
away more heat ? The giving away of heat is known as radiation. 


7 Mow are winds formed ? 

(i) Malce two holes in a chalk box oi a card board box as is used for 
packing shoes. On the open side fix a glass by cutting a vertical slit to 



serve as window. On the holes fix two lamp chimneys or hollow paper 
cylinders as shown in the figure- At the bottom of one cylinder fix a 
candle, light it and insert the glass through the slit. 

Bring a smouldering paper or rag near the two openings by turn. See 
what happens. Account for tire movement of the smoke. Let the pupils 



sfUtKij 


.jtrJu. f .Ml tin \v.ai .n>fi4* become'. H}:bter ant\ iz*Nes up. 

fl-s pla< e 1’ taken by the air fnuit s»irf<»iiitdinj' ureas cuusing a move¬ 
ment of ;Mt. I his iv in<\ 

K. l{>>\\ tJi'fs thi' fh*'rn}(>\ fittsk n’r»rA '* 

II IS >>i St ft r thiUhctt to oh*-ei\e lii’l thalji >u'f lliiiip keep.s hot and 
a eultl iJiim* keeps cold for Joipi hours in a thermits flask. Kct them come 
to a <_om. Insti m lh.it a ht*i ihine t>ectmics e<»Ul by losiiif.i heal to the outside 
aiul simiKnly s*>iol thrnp pets he.it fumi ontsidc to become warmer. There¬ 
fore* the iheimos flask picvcnts both as si'tMi from ns ii.se for kv.eping both 
hot ami coUi llnnps. 

*I hen ).'et bold of .in olii or Vnoken thermos flask ut\<. 1 let pupils observe 

tlic following fs^atmcs : 

ia^ 'The vessel is matle i’lf itlass anti is double walled 

th\ '1 lu te IS a place at the bottoniii where the opening has been sealed. 
Tell that an has f'cen taken otit aiul the opening, se.ded at this pc’iint. 

(r) both the inner arul outer walls are silvered fiom inside 
ft/) "Vlie lasttU* <,u the vcssi-l ts suppintcHl oit s'ork cir felt pads and 
closed \N ith a cork 

I.el them tliscnss how heat Ciin be prevented ) roin )»ettmg in out 

by any of the three modes of tiansniKston. 

IV AMswi Rs ro <.>tn sru>N.s ani> nuoni ims ; cowraa* r*s 
1 

Punccional knowleclt\c- of I i>eM'liipiiicni i»l .skUls 

ciwicfpts fiiul pi jiunpU’s. * 


I^iSt StMTitj utitKl and had con- 
vJuciorv tn tliiily liTe 


I'.xpluin sonic cortunon 

upplicaiions of tinod and bad 
c»>niym-it>iH in daily life, ubO 
of hliinkeis, woollen clothes, 
quills etc.. 


Make a model room heater. 
CCJncsco Source Book, p. 136) 


1 flcai navels m solids throiiy,h 
coruhicUi>n. 

Molecular motion of ihc mole¬ 
cules where heat is icoeived is 
iransmitiocl t<5 the neiKhbounnK 
molecules and this continiic.s. 

2. All Milistanco.i lUi not coiulud 
heat rcatlily 

3. (/) l.icpiids (except mercury) 

are not heiiicil hy condLictiori 
V-»ui by convcciion, i. o. actual 
movement of heated mole- | 
cules 

4. Since healed molecules become 
more enerelzed, they rise up, 
their places are taken by others 
and. a convection current is set 
up. 


Settiiit^ up cxpcrmieriis 
ti» lest hypothesis. 


t development of appreciations 
.irul interests 
3 
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(i) Air IS also lieateil by con¬ 
vection . 

(ii> Vcnlilat ion, roriiiatt<>n of 
winil, ocean cuircms arc 
some examples of convection 
cunent 

5 Heat from the sun readies us 
by jadiaLion, i e in straiaht 
lines Without any ttiaterial 
medium. 

6t Radiant hoat 

(a) is reflected by sbinints 
surface 

(b) IS retracted by lens. 

(c) IS tibsorhud better by blade 
surface 

travels in slraiRlil line 
docs not warm the tncciium. 
travels aUriosi instantly 


Winds are ioi meti bv convection 
cvirrents set tivi tUie to uneMtbil 
hcatinji ot the eartli’s surface by 
various reasons 


The thermos flask is an efRcient 
vessel to prevent entry of heat 
from outside or loss of heat 
from insidfe. 


SiWerinp J 
t;lass sheet. 


vesssl oi 


T mprovisine experiments 
to test hypolliesis 


Vismilizina u mental 
picture of a natural 

V>hcnoincnun. 


Observation and reason- 
ints 


Make a model convection 
GUI rent apparatus (Unesco 
Soijrce Rook, p. 136) 

Make a model ventilation box 
or vcntdation in a coal mine. 
Appreemtjon of ventilation 
mecluinisni in homes, cinemas, 
oirn.es (LJncsco Source Book, 

pp ‘>1-02). 

Stars are visible also due to 
their heat eoming to us as 
light. 


Compare the differential 
absorption of cliffcrcnt 

coloured c.lolhes 


Uxplanation of the use of 
Lhd'ercnt coloured clothings 
in various seasons. 

Radiant heut of the sun comes 
to us Uirough plants as fuel 
and food. 


Making 
the glolio 


wind belt map of 


Make a model of convection 
cuirent in air (CJneaco 
Source Rook, p. 137). 

Make an ice box in a double 
walletl tin box or a smaller 
box fitted in a larger one with 
non-conducting packing 

mateiial in between 


V CULMITSlAXlTslO ACTIVITIES 

1. A-Sk i\ pupil sitting in tlie !a.st low to pass one of the balls from 
half a dozien balls to the pupil sitting in Front of Kim and let this pupil in 
his turn pas.s it to the one in front of him till it reaches the one sitting in the 
front row. R.epeat this till all the balls are transferred to the front row, 
without anyone moving from his seat- 

Then take the balls again and ask a pupil from the last row to take a 
ball and personally hand it over to a pupil in the front row and thus 
continue the chain till all the halls are transferred by the pupils of the last 
row to pupils in the front row. 




Ift H )t .Sf If NC f 


I t i.sVr U r -. jnr i .ilis ;4>’,nn auii ask a ricnn ihe lust row 

T.< U<5o-’. «ituc V'iv •HUf ;*>» ihr tlit- pupils in \itiuuis ]Turt.s «)i the class 

v*h«> cal., h Uu'JTi 

then R’t she i. hii«.lrr 15 thss'uss lUc tluot* uita.lcs tit iiansteicucc of heat 
NMth tefet. JK t. f.Kt pxipiK as in«»lovules, hall as Ucai. aixtl levicw bv analogy 
ihcvarunis Jr.-.tnsrs. 

/ isit it> a oi a lac(ni\ n\i 11 hiin>i (i\it scimc <xf the 

aj^pliv .itions of li ausinissh m «>t'hcal, like * 

(f/) I ^sr* IciUlic! mt stiuilai iu.»u-ct tiicl netinp ijltivcs tt> hiiiidle hot 
th’sn ps 

t/M \\Vuuivii haui.Uc ot* a sohlcruiii uv^n 

tr) C'huiincy a fiiinacc ii' alU'w ht.it iiii ant! sniokc it> escape 

U/) I'Xhavist fans ncai the cciluip foi \cntiKilion. 

tel Coolers in some eii.uines )iave metal lubes t>\ei which water Hows 
ctmstanily. 

V t. tjci s i rciNs 

1. Vt’h> ate metal xitensils usclXh Tva* ctitiking 

Wh> is pt'rcclain or glass vessel uscti toi thinking hot tea or rnilk 
in preicrcftcc it» mot.il vessels 7 

3. F.xaruiue ;in tirtUnary huri iconic hinlcfn- Wliy is the oil tank 
double walloti at the top 7 Why aic t)ic hanthes hollow 7 Wliy are 
tlicic a numlicM' of holes heUivv the wick anti above the chimney ? 

4. Why arc land ai\d sea brccrcs caused noai lakes anti seas in the 
arternen^n and moi ning respectively 7 

5. Why aie two thin hiankcis svaunci than a single blanket twice as 
thick 

6. Why is a new tiuilt wariuci thiin an older one 7 

7. Why is a cloudy night warmer than an open night ? 

VII. KATIOWSHIP WI'III orUI-R SC'UUOn WORK 

Relate with the teaching of winds, weather and ocean cui rents in Oeo- 
giaphy. Relate with teaching of craft in making model.s connected with the 
topics. 

VIII. RhSOl IROi-S 

/iook.s 

1. Black and Oavrs Blcmcnlary Practical Physics, p. 255- 

268. (Macmillan) 1955, 

2. Blough and Hugget Elementary Science and Plow to teach 

ih Part IV. (Oiyden) 1957- 

3 Carlelon and William Physics foi New Age, p. 170-lSl. 

(Lippiir cott) 1947. 
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4. I7ull 

5. Fullei, Brownlee Bakei 
6 Uuesco 


Modern Physics, p 256-270 (Holt) 
1948. 

Elements of Physics, pp. 207-224 
(Allyn and Bacon) 1954 
Source Book of Science Teactnng, 
p 185-1.18. (Unesco) 1957. 
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sc:iUNc:iv iws i RUC'riON c y:i*:ciic)si-c:)VAKTA.» 

SlIl.A. 

Pa lack y Ihji \ crsify, (}U}Tnoitc„ (Tzechoslovak ia 

Adjusting tlio ctintcnt tif science iiisti uction* to the impottancc of 
natural science in cotiieniporary civilization is bccc*»ming one of the most 
burning prv>blcnis of pedagogy In moderi\ st>ciciy the knowledge of 
natural science and its pntciica! appliciiiion is xisoful in so penetrating and 
varied a way cliat a man lacking thorough education in natural science 
can no longer be considered truly educated. I'.vcn a century ago A. I. 
Oercen, the great Rus.slan writer, had written, 'Witliout science theie is no 
salvation for the man of our times’. IIt>w then caii we estimate the present 
importance c>f sciences when man, equipped with knowledge of them, is 
exploiting the energy concealed in the aiomio nucleus, launching artificial 
satellites into the universe, preparing for space llighis, transforming 
organism according to his needs and successfully probing into the activities 
of his own bi ain ? Ocscartcs’ prophetic words arc corning tiiic : ‘Natural 
sciences will make man master of the elerncnls and the forces ; medicine will 
secure for him perfect health an^l protect him against innrinitics of old age.’ 

If science instruction in gciici al-cdiicaiion ,sclu>oTs‘‘ is to fullil its most 
important tasks, i L sliould above iill be given due place in the cun iculum, i.e., 
an adequate number of teaching hours. ‘This demand is based upon thice 
reasons. 

* By ^urtew of tine UNl-.SC'O. 

^ Tlv/^aiithor uriclcrst.uids by ‘Science instruction' the tcachiiiE' of all principal branches of 
science dealing wiih inoryanio and organic o.iture, i c . physics, chemistry, astronomy, geology 
mineralogy, general biology, boianv, zoology and biology of man. 

® The Czechoslovak generaUcclucatlon school is a iMebc-yepr school. It consisls of three 
levels, the first of winch comprises five giadcs, the second four and the third three. Attendance 
of the first and second levels is compulsory for all children. Tlio third level is non-compulsory 
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I. Importance oj' Science T'eachint' 

Science teacliing has fundamental cultural and educational importance. 
In. Czechoslovakia the impoilance of science instruction is being evaluated 
from the point of view of socialist pedagogy in some of the following ways : 

Science instruction supplies the v>upils with JcuowIccJ^e without which 
they could not find thcii bearing in life, bo accjuaintecl with nature and 
culture, or prepare for study at technical schools and universities as well as 
for practical life, 

it furnishes the 23upils with a system of theoretical knowledge eyf nature 
— of matter as the general and sole basis of all natural phenomena, organic 
and inorganic, in brief, of the objects, processes and laws of nature. h/Ian 
as an organism is likewise a subject of science teaching. 

ITheot eticai knowledge zr ntacle inseparable J'rotn instruction in its 
practical application^ i.c. in the fields of technology, agronomy, hygiene, etc. 

On the basis of knowledge acquired m this way, pupils gain skills and 
habits lelated to an understanding of nature, a mastery of basic techniques 
in natural sciences, industrial and agricultural production, the handling of 
the most commonly used tools, health protection, sanitary habits and the 
observation of safety measures during work. 

In Czechoslovakia, gcncral-cducaiion schools try to combine, as nearly 
as possible, science teaching with practical expcTicnce in production. In 
this way, the great pedagogical idea of polytcchnicnl education, whose 
main purpose is to tcacli pupils the practical application of scienlifie 
knowledge in industry and agriculture and the employment of the most 
widely used tools of production is becoming a reality. We would like to 
demonstjate, with at least one actual example, the change in the content of 
science teaching introduced by this idea. When traditional teaching in 
biology dealt with the germination of seeds, it did not go beyond theoreti¬ 
cal notions concerning the conditions and the process of germination, 
Polytechnical education combines theory and practice ; it adds agrolcchnical 
teaching matter dealing with the winnowing and sorting of seeds, the 
testing of their germination powci, (he season, depth and methods of 
sowing ; in addition, it teaches pupils how to test the gernaination power of 
seeds and how to pci form the sowing, 

2. Besides implanting knowledge and skills, science instruction 
develops cogniltonal abilities and intei ests. 

In placing the pupils face to face with objective reality and requiring 
the perception of its objects and processes, it develops their ability to 
perceive^ and teaches them to observe natural phenomena. 

Science teaching provides important training in logical lliinkitig ; it 
offers a rich opportunity for analysis and synthesis, comparison, generaliz¬ 
ation and systematizations abstraction, induction, and deduction. It teaches 
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nu.' l.rtA u» ',s s terms t^i f»’ll iimUii c ihejr ulcas. ’I'cif^tether with 

« n .emaUv s. i: j’Ci»pIe to iiuKrpeii ticn I, claslie and ordeily 

i h snk sn?", 

tT .» -." 'll . -iini «!o\.. jI* >pmiciest in nudiiL': and natnial bciei\ce, in 
vc^ haa:. ^ .tud liu" vo'ih in inLUisltud uinl ai»i iciil t ii i a I concctus. 'This is 
oE jncal impo;(anc'.‘ because il leads pupils to the i lioicc ol vaicatuuis tliat 
iinswei i!u’ - lU society. ;vnvl pi'vis ivies tUeni vs iU\ mteiests to i^ccupy 

their !e i u 11* f in:v. 

\ Nl.iiiiiai ’.cienee-^ are <»!'11 enieiuloiis iinpoi t.incv’: in for nun it a view 
<tt the vvorKl. 

I he vvondcri’ul scivni tiliv' i v*v v.*lati<'»ii of iiiituic now Linroldinii bciore 
oin eye- is ilie vuilv oino td' nalui al seicnees, i'V jji cat many nt‘ the pi nhlems 
dealt with by natiiial scicnsos aieaKo phih»sophieal j->ioblein,s. Mallei and 
encM'i'.y. ,s]->;ice and time, causjilily , the natiiie aiul oiuiin ol ide. the i^i igin 
oT man anvl iiis ivlavre in nature, iclaih^ns between j-ili^sicsd and all these 
^vd^iects concern philosophy as vscll as science 1 hat is vs hy phiU'svipl^'^'Al 
and relijMous concoplions aio so ilccply inlliicMicctI by liie most innporUint 
notions an<l theoiies ol* natural science*-, ssj-t., the hcii ocenli ic I'uinciplc, 
ot'the lueservalion <d' rnattei. the theocy oT vjvohilnm oi the theory of 
hiiihei nervous activity, Scicntilic philosopliy dialectical inaltsrialism— 
was established aiivl Is bciipi f'tnlher dcvvdopvai, ainonj.t i>lhci reasons to 
itciici ali/’e the inosl imporuini knovvlcd^io in naiural sciences. 

Scicialisl pedauo^y a.sks science insti ucii<in, as ils t'oieinost task, to 
teach the rui/imenf of ct sct<jHtific v/cic o f the 

Science instruction that is hrmly jj'roundevi in scicnlilic philosophy 
establishes in pupils' minds a true picture of naluic. AL the same lime, it 
eradicates all false cf^nceptions, prcjuvliccs and supeisiilions. It implants the 
conviction llial man can atlain full knv>vvlodi*e ofnatuiotind tlial knowledge 
of its laws enables him to ma.slcr and lv» transform it foi tile benefit of 
society. Il teaches that practice is the basis anvl aim of knowledge and 
the crilciion vif truth. It teaches the study of nulin,d phenomcnvi in their 
mutual intcractivm, in mtuion and dcv'clopmcnt,, i c., it demon.slriiles the 
use the general scientific method- the niclht^il v>(‘Marxian dialectics. Il 
builds an aclivc, ci cativc attitude towards natinc% an altiuiclc that is not 
satisfied witli mere knowledge of leality but sltivcs to transform it. 

4. Science insiriiclioni also cr^nirihutcs considerably to niotcil and 
(4(\stfic / i<' cdi ic<ition, 

It sliows pupil.s the imporlance of true kn<^iwledgc of aatuic, and 
Lherefoie truth in gcneial. It convinces them LluiL Ihe aim of science is 
to build a socially Just society as well as to preserve peace. It sets before 
them the lives and work of gicat scientists as models to imitate. Labo¬ 
ratories, workshops and gardens provide increased t^ppvir tunity foi work 
and education. TThiough work, science instruction kindles patriotism in the 
pupils by imbuing them with love of their native soil, by accpiainting them 
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with Utc woik of outstLi.t^clii\g naLuri.il scientists, techmcuins and mvciitors 
in their mother countiy and. by pointing to the success achieved there by 
science and piocluctioii. It teaciics them how to petceivc and appteciate 
the beauties of natuic and inteicsts them in its active conservation. Biology 
instruction, ci^ntributes to sex education. 

ir. IHjKtensiyeneiss of the h/aturai Setenees: 

A^nother reason for giving tlienn due place in the ciiiiiciila of general 
education schools is the extensiveness of subject matter in natuial sciences. 
This extensiveness is due, first of all, to the fact that natiu al-science 
classes in general-education schools have to include the rudiments of 
all pi’incii:>al natural sciences ; i e., the essentials of physics, chemistry, 
astronomy, geology, mineralogy, general biology, botany, zoology and the 
biology of inan. The teaching of each of these sciences contributes uni¬ 
quely to the pupils’ general education. Thus a general-education school 
neglecting any of the principal natural sciences would not fulfil its duty. 

All piincipal natural sciences are Co be taught in two cycles, viz , both 
in the second and the third levels of geneial education schools. ’SVe insist 
that all tlie principal natural sciences are taught as early as the secondary 
level because if any of them were omitted at that level, pupils who pass 
through the first and second levels only would have considerable gaps in 
their general education. That they should be taught also jn the thiid level 
schools is reasonable because the pupils* mental maturity and x^rcviotis 
training prepare them foi' higher general education in natural sciences to 
the extent required by universities and practical life. 

HI Necessity of Application of l^et/iod and Forms of Organisation 

Another reason for a pioper time allotment to natural sciences in the 
curriculum of general-education schools is the fact that science instruction 
necessitates the application, of methods and forms of organisation that are 
very time-consuming. Demonstrations of specimens, experiments, labo¬ 
ratory woilc, work ill workshops and school gardens, field excuisioiis, and 
inductive met-Iiods in forming general natural-science theoi les all requiie 
considerable Lime. Only \yhe 72 siijjicient time is granted to science instrzic- 
tion will it he able to realize its potential educational values. Only then 
can it include all elements essential for general education, as well as apply 
really ejfective pedagogical methods 

T*LA.CI2 Olr SCIENOE XEACI-TTNCj 

The place of science teaching in. the Czechoslovak twelve-year general- 
education schools is illustrated by the following extract from^ the 
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I cachTtip, t'f .I'.troritnny is incUiilcd '^vithin pliysics, mineralogy within 
chemistry, ^im! pcoloyy ssiihin yoi>jtr*ipliy. CUtisely connoeted handicrafts 
in the first Icvtd an».i riuHments tsf ]»voiUictive ..it^tiviucs in the secomi an(i 
thii’ti Icv'cls aie taught with natviral science siih|v*cls. 'I'hesc contiihute to 
polytsiclinical edne itioa. riic mdimcnls tif pi odnetive activities fioni the 
f>lh ti> the ’■Uh j^radcs consist <ir acliviiits in .schot>l workshops and school 
garvlons ; from the UUh to the 12th gxades they comprise productive activi¬ 
ties in mclnsiry oi agriculture accompanied by llic coricsponding theorcti- 
o.d insttucl ion. 

Iland in hand with the necessity of raising the number of lessxms in 
natur.il sciences goes the need for ti rnr/sf ctircj'ttl .\ci<'ction <{f ncitnral science 
tcacitiny^ matter. This should inchnle items nf \'ei ijuii'>ie im/mi tancti for 
general eihicntimi and exclude those of luteiest to speci;ilists only. Tlio 
basic problem is ffte selection of criteri<t hy \eiiich the mater ml for f^cnoral'' 
cc/iiCiitfon se/iooh' onyfit to he selected from the e/tormouv know/ed^c: gathered 
by izcitnrcil seiences i>i the course of their de.\'cU>jnnet\t. 


URR0141 OUS CrOTSet PTIOTSS 

Heferc dealing with this problem we must (.h.spense with some erro¬ 
neous conceptions regarding the selection of inaterial. 

1. Pedagogists often maintain that natural-science curiiculu can and 
should vary from school to school because the leaclier inu.si select the sub¬ 
ject matter in oecardanee with the interest of/ii\ pitpil^ €is well (i.\' wif/i his 
owft interest and nhilities'. 

Wc cannot but strongly object to this opinion. 

The .selection of natural-science matciial foi genci al-eclucation scliools 
is an extremely important responsibility. A.t the same time it piesents an 
cxtraoidinarily difficult scientific problem that cein be solved only by the 
co-operation of pedagogists, natural scientists, experts in industrial and 
agricultural x?roduction and other spc^cialists. That is why its solution can¬ 
not rest uxDon an individual teacher^ however efficient he may be. Still less 
should he select the material according to his individual interests and thus 
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cultivate at school his personal hobbies to the detriment of the pupils* 
general education. 

Even less acceptable is the view that this selection should follow the 
interests of the pupds, A. pedagogist from a country where curricula are 
subjected to extensive investigation, dealt with in scientific papers and dis¬ 
cussed by experts, must consider this view eccentric. I-To finds it absurd 
that the interests of young peoi:>lc—highly diverse, changing and liniitcd by 
lack of cxpeijcnce-—should play a decisive role in the solving of a problem 
that, from the social point of view, is of such vital impotance and from the 
scientific point of view, so difTicuIt to solve. Based upon this mistaken 
premise, the view simply fails to comply with its social Function, for it 
is empty and unsystematic. 

The puioil’s interest in his lesson is, of course, a very important con¬ 
dition of success in school instruction. But lespecL for such interest cannot 
tell the teacher wtiat he should teach- It only helps him to know ho\\> to 
teach what the (lupil must learn to benefit both society and himself. 
Besides, the school can easily satisfy the pupils* individual interests and 
needs by offering an ample choice of non-compulsory subjects. 

2. Wo often hear the opinion that it is sufficient to select out From 
a natural science just a few topics or problems which reveal its ‘essence*. 

Every science consists of two components combined into a dialectical 
unit : one, a body of knowledge, and the other scientific methods^ The 
‘essence* of the methods of a given science may perhaps be demonstrated 
within the bounds of some isolated part of it. But the ‘essence* of a body 
of knowledge cannot be cxpicssed by any or its isolated parts. The 
assumption that a pupil may learn the 'essence* of physics by studying only 
acoustics or optics, foi example, is entirely wi ong. 

A. still more serious objection can be laid against this opinion. The 
most essential feature of general education, in contrast to vocational edu¬ 
cation is its niany-siciedness. As a consequence of this fact, the pupils have 
learnt the essentials of the whole science, not merely of some of its fields. 
We cannot speak of satisfactory general education in biology, if the pupils 
learn the taxonomy of plants and animals without studying their physiology. 

A survey of a whole science need not result—as often contended—in 
didactic mateiialism, an eiicyclopaedism, which overburdens instruction 
with innumerable disconnected pieces of knowledge from various sciences, 
whether essential or unimportant. It is true that science teaching, as we 
understand it, offers knowledge from all in the chief natural sciences and their 
mam branches, but it only selects the essentials and links them by funda¬ 
mental ideas into one organic whole. 

aREXBRIA FOR SELEOTtON OF XI5ACFIING MATERIAL 

Eet US now proceed to the question of the decisive, criteiia for the 
selection of general education teaching material. 
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I hr III . i .i l lu*3 lot al. v'ruci it »ii tli.il the c<> Ji t enls <■>[' mslii iictioii be 
mhainn'n-M a:;!i cviiK ^iliunal iiuns. Tti other sv*>i <ls. science material must be 
''.eUicl-. ti 4 O'* make the atlaininciu ol eiluc. alioiial objectives. 

The i5e*o’ aw%Hiratel\ ,tu<i couv ictely iliesv < »i>iecli\ aic st,ite<.l, the more 
ct n 3 • tl'. .imi cr.i’^ib can m.itei i«iW suilct! t»» t hem be selcclcil. Vagueness 
ri'v lo e*iiuM 1 um-i5 iibiecliNC'^ will le-*!!!! m the inclusion .»t‘ miin>' unsuitable 
I tein thn eont r ihntim* t» 1 t he o\ ei 1* »,ul i nit bf'th of the cuiriculii and the 
te%tbv^iv»,s. X he. •^eXcvtu>n i'i\.itci i.ils •.houUl aKs.vys bij piccciled therefore 
by a piecise statement t»l eiivie;i1 1 oim 1 amts. 

I hi* s'j*,’o«u1 ciitctnni I'or selcciing scioiice n^ateiiiil is its ct^ntribution 
to bnniiny a svanitilic %icvv’*'rthe vvi^iKl. \Vc iniisl lii'st ot' Lill select the 
Sit-calicd "Xcavlinit nlcas* oi 'crs'.it scicniitic tnilhs' <irc\ciy iti incipal natural 
scivitcc. T hcv aic the c.cuc;ab often the nw^si ;*cnci al, bulk of knowledge 
in a science ciuicev't*'. la^^s* principles ami ilicf'ries that embrace wide 
aicas vifnaluitil phemnnena if iu>t ^lU oi'natiiic, um.1 join them in a single 
uniiyini* point t>f view wliich explains the greatest possible nuntberoF 
phenomena. Such malcriat ;is the law i>f ibc picservai imi c)f matter, the 
law of picsct\iUion and iransformutlon t>f' energy, MetuicleeN *s law of 
pciiodicily, tlic eN'olutii>n thciiiy, the thesis that the biain is the organ of 
thiiikinii, and that thinking is a function of biain js fumiamontal in forming 
the pupils* view of ilic world. After ihsi selection of leading ideas of a 
science etnnes the selection of knowledge s^ibordinute to them and in- 
eicasiiigly lessgencial. 'I'his sclcctnin final)>' gels to concrete ideas and 
elementary concepts winch childicn shcnild be taught in science lessons at 
the primary-school level. In this \S'uy, a sysicjn of notions extends through 
all levels <’»f gcneiabetlucation scUoi^ls, aimed at reaching the final goal 
either directly cm indirectly, XJiis final go:il is the pupils' conscientious 
acquisition of the leading ideas of a natural science. "Fhe correct selection 
and interpretation of subject matter direct all instruction in natural sciences 
towai ds apprehension of mam scicntilic ideas. Inslructit^n is thus furniah- 
ed with a distinct ideological goal and an international logic, 

Xhe third criterion is that, when selecting teaching materials it is 
necc.ssary to choose .such knowledge and skills as are ol' spc'rial inipot iance 
for practical life. The relalionslup between iheorolical and j^ractical teaching 
material must, of course, accord with the principle arutiity of theory and 
practice. C7ndcr-cstimatioii of theoiy leads to mean empiricism, narrow 
practicality ciiid utilitarianism. TJnder-estimution of practice, on the other 
hand, leads to idle ihcoriziing, intcllcctualism, academicism, and a detach¬ 
ment of school from life. 

The fourth criterion for selecting teacJiing mateiial is its contribution 
to the moral and aesthetic education of the pupils. TMotions and skills lelated 
to the protection of natuie enter here. 
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Finally, Lhc llfth criteilon : only sucli matteL* may be included in 
science instrucLion as is actaquatct to the’ tnentai a^e of the pupils and tn 
harmony with their previous sehoolnif* botfi in natural sciences and other 
subjects. Tills ciitcrioii decides not only the Leaching material but also the 
depth at which it will be taught. Instiuction which does not take due 
account of the iitness of pupils is merely a waste of time and a cause of 
bad marks. 

There may be other siibordniate cnteiia pertaining to seive all natuial 
sciences Wovcrthcless, the principal criteria stated above can do most to 
remove purposeless items of science instruction — items that are isolated 
from any relation to practical life, and are educationally in elevant or 
inadequate to tJie pupilvS* mental age 

It is obvious that the selection of material must be solved not by 
subjective opinions hut Llirough serious investigation of woik- 

Only after making a very careful selection of natural-science matcnal 
can the amount of time allotted, to natural sciences in the cuiricula be 
decided. The niimbci of lessons must be detet miiied by objective scieiitiho 
methods. It is necessary to state the Lime acquired for instruction in 
individual science subjects, i c., for each topic apart and for tJie whole course 
when taught /?j’ methods that promise the best possible educational results and 
are at the same time, cconotnical as to time, material and cnet gy spent 
There are two tasks to be faced : to find teachingmethods suitable to the two 
requirements mentioned above and to determine the time needed for teach¬ 
ing by those methods. 

If the school curriculum can provide the amount of lessons judged 
indispensable foi natural sciences, our ideal will have been achieved. If 
not, the following alternatives remain. The first is to reduce teaching 
material—even if it has already been strictly limited to items of unquestion¬ 
able value for geireral education—to an amount that can be fully handled 
in the time allotted to the subject. The second is to keep original quantity 
of teaching material but have it taught by methods that aie both less time- 
consuming and less efTicient. There is no need to state that both solutions 
have serious defects but that, at a pinch, the hist is preferable to the second. 

In conclusion, T should like to express my personal belief that at 
present, in what is often called ‘the scientific era’ or ‘the beginning of the 
era of atomic energy’, the curricula of general-education schools need 
thorough re-^e valuation, in order that natural sciences be accorded a place in 
accordance with their piesentday impoitance TSTo school can neglect this 
urgent need without leaving the state whose citizens it educates far behind 
other countries in all those fields whose successful development depeTid.s on 
proper science education. 



'I'HI-. INl-IJ TliTN'C'.H or PROCiRliSS IN 

scrHN'i iFic: knowt.i-ix;h i?pon iiik stlji:>y ob 
scTBNc;!; IN Bi:i.oiAN si-:c;<>Ni>ARY i:i>ijc:ation 

\V M KVA IS 

PrcM.Jvrtl, lU‘>y;niii Stitti'fv *>J It cu Uct x i/i Afcttltftjiatics 
1. hittJtJit^tittoTt nf ilit' Svtttntiary J-thtt otuttiai Siiucfurt* 

Ilicroavc two sep.iiatc st-lniol systonis iii IKIi'iiim. Oilicial inslilu- 
tions arc ijraiiKainctl pt iiicipally Uy the State, nitd also by provinces and 
coniiimne.s ; v’lhile llic /.t-o/cv fihrcx t,iir private conrersiot.a 1 scliools are 
uniler the direction of the Secretariat Nationtil c!c riinscigncment 
CatlntHtpie. 

I'hc sccoiitlury etiticational sti ticture, which incUidcs all schools for 
yoMnp, people ajtcd between 12 ami IS, cevnsists of pciteial secondary, 
priniaiy teaeher-tt.linirit;, technical tind tirlisiic etluc.ilioii. I his article 
will he concernctl solely with iienci.tl secondary education. 

OlTicial and piivtito sccondaiy studies tire divided into two successive 
thice-ycar cycles : the lower cycle (12 to 15 afc p.roup) and the upper cycle 
(15 to IS atjo gi't'up). The /iTcn/cv ni<>\ c’littcv or iiiternicdiatc schools 
provide the lower cycles; institutions giviitij btrih cycles ate fycces for 
girls, the oO'icial ailic/iccs for bciys or for boy.s and giil.s, and the piivatc 
colleges for boy.s. 

The inicrmediate school curriculum is the same as that of the lower 
cycle in the lycees, at/ieiiccs and col/eges- 

Since 1947, under the influence of university science teachers, the 
pattern of ollicial education has been icviscd. Alongside the traditional 
sections of lire lower cycle, a Latin-science section slanted towards the 
natural sciences has been created. 

In 1958, teacher-training wa.s rcfornied so ;t.s to include a scientific 
section U -excluding Latin and having a heavier .science progiamine than 
the Laiiti-scicncc .section. 

Similar changes were made in private education, though in a more 
conservative spirit. 

The number of hours per week giv'cn to the sciences throughout 
the six-year course is to be found in the following table. It includes 
mathematics as well as the natural sciences, mathematics being essential 
to any thorough study of the latter. 
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Section 
Latin Greek 
Latin-math. 
Latin-scicnce 
Scientific A. 
Scientific 13 
Economics 


Ori^ICIAL EDUCATION 


tlicjiiati cs I^hystcs 


444333 

444777 

444555 

444777 

444555 

444333 


01 1 I I 1 

OI1222 
01 1322 
Ol 1222 
OI 1222 

011 1 11 


Chem is try 
OOi1 11 
OO I 11 I 
001121 
OOI111 
01122 > 
OOI111 


Biology 
22101 I 
22101 1 
221112 
221001 
001222 
221001 


Pupils in tlie Scientific Section may choose, as their option, the 
course jn the history of the sciences and civili^tations or an introduction to 
modern physics (two hours pei week during the last year). 


Section 
Latin-Gi eck 
Lai in-ntaih. 
Lalin-scicnOc 
Scientific A 
Scientific B 
Economics 


PRIVATE COUCATION 


A<ro flicmatfcs Physics 


433333 

455789 

433444 

0557S9 

655334 


OOOl I I 
OOOl 1 I 
000223 
011211 
Ol1223 
011211 


Chemistry Biology 

OOOOll OMOOO 

OOOOIl 011000 

OOOl 11 011 I 1 I 

OOlOll IIOOOO 

111333 

001011 llOOOD 


In oiricial schools, the sciences arc taught in both cycles, chemistry 
is spread over both cyclc.s, but is covered in only one cycle of the ancient 
humanities. 


2. Cunicnlum and Alethoclology 

A. iVlethodological instructions accompanying the science curricula show 
the spirit in which secondary education has been revised. 

At every level, lessons arc based on observation and experiments, and 
the pedagogic of’rediscovery* is used as an instrument for apprenticeship 
in the sciences. When, as in official schools, the leaching is spread over 
two cycJe.s, llic first cycle mainly provides an introduclion to essential 
facts, concepts, and procedures. Experiments arc performed, with veiy 
simv'ile material, the pupil being thus encouraged to try them out again on 
his own account when he gets home. 

Even at the beginning of science instruction, activities arc not limited 
to what may be done in the class room. TJie pupils are taken on biologi¬ 
cal excursions and on visits to iniiscums, factories and laboratories, with 
the object of bringing Ihenr into contact with the reality of nature and life 
and awakening in them a taste and enthusiasm for science. 
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I • :.i th * v. icJtinni'i this experimental and 

.i p 'v!. tni:»‘<Uu v*>. incro.s‘»in‘'l>' •H> rUhcsjs ; the pupil’s 

in.hi ‘ ’Vi I v> t 3 hi 1 t*» icason hy .uiah\i*.\’, ami all .such means of 

v\Y“*-^ as lu* has hci'n etinipped ss nh yraphs, ioiinulae, diajp.rams and 

malhen iSi.'.il tv^tvls att^ p^U U'C 

H. At hsssci cl.i .s levels (sixth ;unl iifihl. the cmiisc be)»ins with 

bi«vh'^ 5 *v. f lu’ -.ttiily of man is hascii *in tJiat of cci lain mammals, 
lijols. ij'pM'cs. flops aiui hshc-> aie ctanjs.ircd with mammals. These 
cUM'4\cut -. *i^*»oUicy site i<mn<i*'cl t'lY by u svuximaiy idea of ti few types of 
Aiiicnlat.i and a <^‘Joy^o.sn, ftotaiiy inshulc^ the analysis cif simple plants, 
cxpcrimcnl.il suuly i>r the dith icr^t pait-s of a plant, and the clrc. dficatioii of 
tlicV’C paitr. into their \aiit n*' t> pc^*. Ntcaus <if pi dlinatitui, dissemination, 
and prcv'panaii"U ai<" coro r*,ieicd 1 he e-»scntiaK or' plant and animal 
physioloj’V aic' then piven. 

( h^ l*h> si<.:s hopins in the litth cKiss, a purely intuitive ithmpse of 
optics, heat and TXicehames heinj! oircicd. The ciirricuhmi of the fourth 
cl.tss takes vip mechvintcs. livaloiNtiiiics ami pneutnaties, oicctiiclty, magne¬ 
tism and eUa tro-magiieiiNm. 

{c> (>nly one hoiii a wcv'^k is dcNoteih n» the h>\scr cycle, to chemistry. 
'I'his is a minimum, emiicly cxpoiimenial pr .im me dcNs-ited to air, svater, 
hyilropon, ctiihun, sulphur, chloiinc anil rniropcn. Klcmeniary ideas of 
synthesis aie dcvclopctl in lh<' ciuiisc i>r (he expeiimenlal study, 

'The cuiilculuru in piivaie lulucatioii is jiencriillv more lostricted than 
in txtViciul sclniols. 

In boUi cases, considcrahle discictimi is Icll to the teacher. 

C\ In the \ippcr cycle, more houis- arc assigned to science couiscs ; more 
equipment is provided, and the pupils do practical work. 

(a) There arc two types «>f study programmes in phy.sic.s. 

A minimum euriiculum of the classic tyj'ie, taught in the Latin-Greek 
and Economic sections, bcgfn.s with mechanics ancl goes jis far as electrical 
discUaigos int<i /cj/eZ/tv/gasc.s and the thcnno-clcotronic cfTect. 

The intensive curriculunn of the Talin-mathcrnatics and Scientific A 
sections, and especially of the I^atin-scicnce sseclion involves a more 
thorxiugh study of the subject and includes a chapter on periodic phenomena 
in acoustics, <iptics an<.l electricity. 

The curriculum now being planned for the Scientilio B section will 
include more modern topics : principle of radioactivity ; energy and matter 
fission, chain icaction ; fluorescenco and pluisphoroscenco ; theories of 
light ; structure of scmi*conductors, and iransSistor.s. 

When they undertake projects (practical work"), the pupils are initiated 
into the measurement and calculation of errors. In schools, where the 
new spirit of teaching prevails, science courses are efTectively co-ordinated 
with mathematics courses. 
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(b) Tn cUcmistry, duiing tlie second, cycle, material studied during the 
course is dealt with in the laboiatory. 

The cuiiiculum has a descriptive part and a synthetical part. 

Ocscnptivc chemistry includes the study of halogens, nitrogen, phos¬ 
phorus, carbon, silicon and their compounds. Metals are studied in the 
laboratory, and. an idea is given of iho way in which they aie vvorlted in 
industry. 

The pupils arc intraduced both to the ciualitative chemical analysis 
(search for a single body in solution) and to c|uantitalivc analysis (volu¬ 
metric'). 

In the two new sections slanted towards the science (Latin-science and 
Scientific IB), the cuiriculum comprises an outline of organic chemistiy, 
covering the hydrocarbons, ethyl alcohol, formic acid, esterification, 
saponification, the amines, acetamide and urea, proteins, benzene, phenol, 
and aniline. 

The synthetic portion of the course considers the constitution of 
matter, the laws governing combinations, chemical functions, the laws 
governing gaseous combinations, the ion. theory of clecirovalence, the perio¬ 
dic system of elements, the Bohr atomic model, oxidation and x eduction, 
chemical eqmlibiium, pl-I, and radioactive disintegration. 

Elementary material concerning plastics, radioactivity, nuclear reac¬ 
tions, the constitution of the nucleus, nuclear fission and the atomic pile is 
optional in the piivate educational curriculum for the final year 

A trend has developed towards introducing the modern atomic point 
of view immediately by starting with general chemistry experiments serving 
to illustrate the theory and to introduce the subject-matter of descriptive 
cliemistry. 

D. In biology, the upper cycle course provided by official schools takes 
up the plant and animal kingdoms again, follows the evolution of species 
and shows their capacities for adaptation to life on land, their manner of 
living, the relative importance of diRTeient groups throughout time, and the 
effect of all this upon the development of life on earth. 

The cuiriculum for the last year considers cells, the formation of eggs, 
heredity, the definition of a living organism, the problem of evolution, the 
unity of the organic world, and a few problems of b‘io-sociology. 

In piivatc schools, except in the JLatin-science section, biology is less 
fully studied, is an optional subject and comprises some ten lessons on 
genetal problems embraced, in the preceding description. 

3. ILahorataries and Equipment. 

The revision of science teaching in a modern spirit has involved the 
question of laboratories where the pupils may be brought into living contact 
with scientific facts and. methods. 
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i arc ra.-ule tn prtrviilc sccontUuy schof>ls with physics 

c'l't J y jait WT«>lv.’y lah >. slos y-cl.is* i omtis, with VNorkshoj-rs and with 
pl,aa'. t'-M' ;i*i 

t^ari’i" fia‘ o 'ily ' tay.’s reform, worn-oul cc(iii{'>mont was restored 
by tirr tv’v haical ccalre la Cfhcnf, wf^rkinj’t in ca>!lah«>raLif>n with an equip¬ 
ment it.cnlrc whi-h made material fv'r pupils* cxpcrinienls. 

A pureh.i ^ine, emumissiim O^r seienec n»alei i;il suiTpIics slate schools 
ficcofdinp t V a pia^pratnme, bt^ys" apparatus in larpc ciiiantitics and 

chcc*:s theii’i hel'i^re dclivcrinj* it to the r’.cliocds. 

7V;c Sctiitjfrv law, voted in June lh59, prants, over and above 

appr<'prii'ti^’*ns' reir curicnt cipeialinp expenses arul initial equipment, the 
the svun e>r two htmdrctl million francs annually for four years, to he used 
to c«^mpletc the eejuippiidt .sclmols. 

'I his vanie /V/ere Sralmn.’ will make it possible for private schools to 
tihiain iho equipment indispensable to them. 

4. Art inn in Schnals in I'nvonr of Afo.'/c’r/i Science 

Apart froiii these efl'orts to improve the cuiiieulum and equip labora- 
(e'Tic?5, action has been taken in schools by lh<' pupils thcmselv^es, with tho 
tcchniciil hcl fi of tcacl\er-ar.lvisers. *riianks lel.iicil aciivit ic«, natui ahsls* 
pioups and science clubs aic beiriit formed everywhere ; those take a moro 
direct interest in curicnt scicnlilic «U‘vo|opiricnIs svUh which tlio oflicLal 
cun iciilunt does nen yet deal. 

One happy conscciucnce of this action was tlic founding' in Kovember 
1957, by a group of pupils of the Atheneo I'crnand lilum, of the fatnesses 
Scicnrifi({ucs dc now consisting of more, than tsvo thousand 

member s. 

The purpt^sc of this movement is to improve young j^coplc scientific 
education and encourage any inclinatioil to adopt science as calling. The 
administration is in the hand.s of a committee <T j^upils. Teacher-advisers 
foim the legal administration board of the association, but tiy tt> interfere 
as lililo as possible and leave wiric freedr^rn to the young people’s C(.?minlttcc. 

7'iic Jcinicsscs Scirnfifiqtii's' <'/«'• lic/yic/ttc-^ publish a monthly bulletin, 
arrange for important lectures by university pirifessors, and stimulate the 
activity of their .secii<’»ns in the schools. 

"I’he cnlhiisiasm shown by young people in undertaking and making 
a success of this wholc.some initiative proves the firmness of their intentions 
andofTers great hope for their future. 

Another efi'orts to disseminate modern idea. r.s that of the Association 
Deisc pour la Developpcnicnt r*aciJiquo de V JSncry:ie Afoniiqiic. This Associa¬ 
tion has undertaken ‘information campaigns’ in schools ever since 1956. In 
1058-59, it was reaching 1 19 groups of 60 to 75 pupils, who were offered three 
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special lectures in Ihcir schools : tlic first on the composition of matter and 
the principles governing the operation of an atomic reactor ; the second 
on the production and utilization of radio-isotopes ; and the third on career 
possibilities. Each group can also take a conducted tour of the Centre d* 
Etude de V Ener^ie TVucleaire at IVIol. 

This Association docs its work with the help of physics and chemistry 
teachers, who prepare their pupils for an understanding of the subject- 
matter presented and the educational films. 

5. Scient(/ic and Eedasosic Activities in Secondary Education 

If secondary education is to be modernized and is to keep in step with 
modern science, teachers must be briefed, and a constant effort must be 
made to improve the work they do. 

One of the oldest initiatives in the science field is that of the IVIacleod 
Congresses-Summer Science Courses for secondary teachers, given by the 
University of Ghent since 1927. 

These annual congresses hclj> teachers to keep abreast of the latest 
developments and improve the quality of their instruction. Inuring 2 to 4 
days, Belgian and foreign university tcachcis, in 3 or 4 sections coricspond- 
ing to the various sciences, discuss subjects arranged round a central theme : 
e.g. spirals in mathematics, crystals, stai systems and living beings. The 
cxposc.s are illustrated by visits to laboratories and factories and by biologi¬ 
cal and geographic excursions. 

The comparable VIicbcrgh-Scncic summer courses are provided by tho 
Universite Calholique dc Louvain. 

The Universite Libre de Bruxelles offers to secondary teachers, semi¬ 
nars and lectures supplying advanced instruclion in biology, lohysics and 
chemistry ; a basis for lessons may be found in the documentary material 
presented and in the discussion which follows. 

The Association JVationale des JPi oyhrsscurs de Biologic do Belgique 
holds an annual exchange of views on developments in the study of this 
field, on novelties that may bo adopted in the purchase and fabiicaLion of 
teaching materials, and on the organization of experiments. A quarleily 
publication, excursions and visits help to si:>rcad knowledge within the 
Association of whatever may serve to improve biology teaching. 

The IVaturaliste da Belgique*' Association is concerned with developing 
knowledge about nature. Its regional inembers ai range many geo-botani¬ 
cal excursions, accounts of which, together with related scientific infor¬ 
mation, arc given in a publication. 

The Socicte Beige de Bro/e^seurs de AfTathcmatiques is working for a 
better teaching of the ''base science for the natural science’ and devotes 
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part of effort to impruvinp ca-rudin.uina lx:twccn iniithcmatics, on the 
*nie haisd. and phyMts, rlieini’ tiv ami bioioi'v on tlic other. 

a andy made by iho tlinvei .iU’ I.due da UiuKelle-. has shown, all 
prtmteo, jn tlic M’lem-cs it o,mtini’enl tm mau evtendvo tiaininp, in mathc- 
niaiiinot tndy ainou}' laich ‘heavy’ users as emanceis and physicists, 
lull also amonjt ‘hidtl’ Utcrs, hke e'acinitts, biolosd’tts and dociois. 

In sliort, Iktiuan .secondary cdiieatioii, conrioiUed with the advance 
in scicnlilic knowledrc, has nioditicd its stuictuic : two new sections 
dcrmucly slanted towauls the seionce.s have been created. C'unicida and 
methods, followitip tlie leftnin, hare evolved towards active teaching in 
which the pupil leairis fundamental concepts tliiourli a peisonal work of 
‘rediscovery.’ A spontaneoui nioveinent, the .b'mh'.iu’v Si h'nfiJi(jiics da 
Bd^iijua, demoristrale.s the inleiesl young people lake in modern .science, 
which, they feel, is penclratinu loo slowly inlo the curiiLuhim. Duciimcn- 
Uition on miclcnr energy is being dissennnalcd by the Association Beige 
pour !c Dcvcloppi’incnt Pdcifitjc dc /' Biwrcjc Atonihjc Umversites and 
teachcr.s’Eissocialiou.s ate making a constant cffoit to per feel knowledge 
and methods. 

Belgium is engaging more and more in a policy of planned scientific 
development. It will thus he able, in our expaiulmg woild, to maintain a 
suitable position among the small nations which are the most advanced. 



ACHIEVEMENXS OF MODERN SCIENCE AND 
TECHNOLOGY IN THE SOVIET SCHOOL 

A., r. YANTSOV 

Assistant Director, Institute of Teachins Methods, Academy of 
Pedagogical Sciences, U.S.S.R. 

The primary function of the secondary school is to train the young 
generation for full, active participation in the social, cultural and economic 
life of the country. With the rapid development of science and technology, 
and their application to methods of production, new responsibilities have 
been imposed on secondary schools. They must, of necessity, make 
periodic improvements and changes in the content and method of the 
instruction they provide. 

Many leaders arc probably aware of the fact that both the secondary 
and the higher schools in the USSR, have recently undergone a substantial 
reorganization Under tlie new system of public education the secondary 
school is divided into two stages. The first, which extends to the eighth 
grade, supcisedes the fotmer seven-year school, while the second stage 
comprises the 9th, 10th and 11th giade.s. 

These two stages give pupils both general and iDolytcchnical education, 
but the second stage also provides vocational training. Until now, general 
education and poly technical and vocational training were given in different 
schools, but under the new system they are all provided in the same school 
during the second stage of education. This is in keeping with the new 
relationship between general and polytcchnical and vocational education, 
which are becoming more closely and more directly linked, as production 
increases and with the advance in technical knowledge. This new relation¬ 
ship between general and polytcchnical and vocational education in no 
way diminishes the importance of general education ; on the contrary it 
demands that its level be raised even highei. General education courses 
must now provide a sound basis for polytechnical and vocational training, 
and include a number of new subjects with which pupils must be familiar 
if they are to understand the techniques and technology of modern pro¬ 
duction, and the pattern of their future development. 

The progress of modern science and engineering dictates the need to 
improve the teaching of all subjects in the natural sciences and mathematics 
cycle, and new syllabuses must take full account of the latest achievements 
of science and technology. Science and mathematics are represented in the 
Soviet school by physics, mathematics, chemistry, biology and astronomy. 
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the new '%t‘Ci.'?ida r y proet.iintne ti cc'mplclo couij^c ofclc- 

ii't n?a t y miiilicnui tac-^. ’I hi‘v mn i lie rn.Hies coni ^ c will ct^inpr iso nc^L three sub- 
as at picM.'ar.. hut otiJy t\Vf» stipebra an I pe* >rnetj y. the luiictional 
coratent of tMjsmornetjy ts p.irtofthe new alpebra c^^vjise. ;jncl its jiracLical 
pctni'ietiic :»ppluM t ic^n is pail of the new pcometiy eoLitsc. 'tins course 
rile Ili e <.i.>ircetly ren.:els ih^ tonicaai aiivl stiiiediie of' laioclcrn malhc- 
njauss ;is a sc.cnee, rctlnocs il:e number oT snbjecis stiujicd, and allows 
fi^i bcUer plamtiiii': of the st bt'>c-l ciniieuhmt. 

?s.b'tc. crua^ alcnlly ih;tn tn ilu past, the alpebra course makes a reality 
of of the niost »rnp*.'»rtatU ina(hcm;ilic;il -c^cas, the idea of runciional depen¬ 
dence, and dustls cc»n'-ccuti% cly wiilt the basic runi:iii>ns ; ti iponomcti ic, 
cxp<»ncntiah ancl it^pai iifinnc inetiualnies, jiiid their a ppl ica t i mi to approxi¬ 
mate calculations, the Mu«.t> of Inncin'ns ends \\ u h the theme : ‘I unctions 
and their invcstipatictns : the dcriv^iuvo.' In the .study of all types of 
funttions,. greater U'*e \^^h be in.tdu ot iHusii *ii ions fii'iii nai u i a 1 scicneo 
arnl cniimccrinp. This w ill make it pos*^ihIc to icNcal more clearly the 
gtencrai coitecpiion tif functions, and iho place held by mathematics in the 
Mudy of naltiral phcitontcna and tochnolopy. 

All this shtiuUi, wc thutk, csinsulcriibly lift the tlieoiclical level of 
the instruction <if matheinatics, ;tncl help l<.> liiinrliari>'e those important 
mathematical methods (an undcistandinp of piaphics iinsl praphic methods 
f<.>r the solution of problems, the tneiliotl of approximate calculations, etc.) 
required for the siutly of the naiuial sciences and t’cneral teehn ical subjects, 
and for work in industry. 

If picator emphasis is laK! up<.>n the functional aspect of the algebra 
couriic, more time than was given in the pist svill naturally be required 
for the .stiitiy of it.s respective parts. Xhc geometry cour.se will include a 
study of planimetry and stereometry ; more intention will be paid to the 
application of rncthod-? of transformatum and to the solution of applied 
problems and the development of space concepts among the students. 

Outing the discussion of the new draft programmes, some of the 
teachers suggc.slcd that the school course in mathematics .sliould include a 
study of intcgi-al calculus and lay mot-e sticss on the elements of analytical 
geometry. T'his proposal is now being carefully studied. 

Substantial changes and amendments h:ive been made in the physics 
and chemistrv courses. These arc among the most important natural 
sciences, and their study constitutes a substantial part of natural science 
education. The courses include investigation of the simplest and the most 
commonly recurring phenomena, and ihc properties of matter ; this .study 
is relevant to many bianchcs of modem tcclinology and engineering- Wo 
regard the study of physics and chemistry as basic to the most fundamental 
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principles of poly tccbnical education, and to the training of students for 
woik in the sphere of material production.. 

Xhe physics course includes a systematic study of all the basic 
branches of this science—inechanics, molecular physics, heat, electiicity, 
and optics. In perfecting its contents the primary object has been to lift 
the general theoretical level, and for this reason increased attention has 
been given to the study of scientific theories—the molecular-kinetic theory of 
the structure of matter, the electronic theory, and the stiucture of the atom. 
Xhe course also includes some new problems of con sidei able significance 
in preparing students to understand modem technology better. It is 
intended, for instance, to acquaint them with certain semi-conductors and 
electronic devices, and with the physical principles of automation proces¬ 
ses ; much more time is assigned to the study of the theory of the structure 
of solids and the physical properties of various solids, so as to give a better 
understanding of the problems involved in their physical and mechanical 
processing. A closer study will also be made of the peaceful uses of atomic 
energy. 

The physics course will also cover the different types of energy used 
in modern production ; the scientific principles of transformation of energy 
and its use in industry ; the working principles and operation of various 
engines (hydroturbiiies, wind and steam engines, electric motors, etc.) ; an 
idea of the physical principles underlying the design and operation of 
various types oftiansport Clc><^c)rnc>tives, ships, airplanes, etc.) and com¬ 
munication Ctelegraph, telephone, radio, television) ; information on the 
principles used to compute pressure and strength of materials ; infon-ration 
on building techniques and the physico-mechanical properties of certain 
building materials. During the couise, students will learn to make piecise 
measurements of various physical quantities, and to assemble and instal 
technical devices and use conventional technical laboratory equipment. 

Xhe chemistry course will consist, as before, of the fundamentals of 
inorganic and organic chemistry. Xhe inorganic chemistry programme 
covers the study of metals, metalloids, and their compounds ; all chemical 
facts are regarded in the light of the periodical law of D. I. Mendeleev 
and the theoiy of the structure of the atom. Xhe organic chemistry course 
covers the basic classes of organic compounds as well as the properties and 
structure of high molecular compounds, an idea of their classification, and 
basic methods of synthesis. Xhe course is based upon the consistent 
application of the theory of chemical structure. Students will be made 
familiar with plastics, artificial and synthetic fibres and riibbeis, and the 
most typical processes used in. their manufacture. 

Xhe chemistry course devotes more attention to questions connected 
with the principles of chemical production and the application of chemistry 
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ia nfitiiistrics ain.1 in the U<’*mc. The ct>iirsc familhirizcs students 

Nivuh the pfiutuc t!on of acids and snUs. hiiilthnii materials, iron, and steel, 
the "inj; nf coal anti «)il, tin; iniliistri.U uses of natural and oil by- 

prodiK-l yi'cs, and riffcrs basic information <»n ilic practical a]Tplicaiion 
of tinunisnv in pmver engineering, machine nia nnfaL t u re, ami iigiicuUuro. 
Nttn-h attciiititni \h >*ivcn to practical exercises in chennstiy. 

f he a>»ff<uu»fny course covers the structure the sc^hir system, tho 
sui.picst celestial phciu^rncr a, tl e ftchai *>stcms, the < ligin and evolution 
c»t' eeJe->liut bodies, tistrt mical dctcrniinaitcm of tire sf/c and forms of 
the H;irth ;ind the celestial tind j»rt>unvl coordintites, tind the most important 
melhotls of studying the univcise. The course also includes an 
explanation t'‘f the sirinificance of man~jn.tdc s.vielliies for the investigation 
of the luirlli as a celestial botlv. A^U ihi^ knowlcjg.c will give the student 
a mater niltst ic concciTiion of the univcise. 

In Soviet schools much importance i'> altachctl to the study esf hiolo- 
prcal subjects, VN'hrcfi ;ife tauglit foe tiv'e years, hcginnlne; in the fiftli year, 
in ih«'. eight-year school the isrincipk'-s of botany, /oology, anatomy and 
physiology of man are studied At the sccoml stage isf educaijini there is 
u course on the ptinciples of goner.vl biology. Until recently this course 
vvas based wholly oii the principles of I>ti*winism and the studies of 
Michuiiit, but lire coiuse is now extended tti include the physiology of 
plants and iirnrnnls, i>r importance both for ;i goneial culture, and for an 
understanding of the agronomic principles of agriculture. 

The general biology course ofTcrs a definite system of knowledge of 
the nature ami laws of development of living organisms and of the pi inciplcs 
goveining tho development and formation of plants and animals. Tho 
course also contains informauon on the origin and dcvcIov>ment of life on 
the Earth and the origin of man. The course is accompanied by practical 
woik, chiefly in controlling the development of cultivated plants and 
domestic animals. 

In iho study of physics, chemistry, mathemtalics, and biology, tho 
scientific principles of the Icchuiqtics and technology of modern production 
are explained ; the students arc taught to make measurements, computa¬ 
tions, anti experiments, and acquire oilier skills. 'I liis is an important 
contiibution to polytcchnical training. liut poly technical training in tho 
Soviet school is not limited to this. It also includes such technical subjects 
as the study of mechanical and electrical devices and techniques. 

XECIIWOLOGV COURSES 

The machinery course includes the following subjects : a general 
acquaintance with the basic engineering materials ; machine parts and 
their conabination ; the design and work of mechanisms and machines ; 
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iheir care and control. Students do practical worlc connected with ills 
taking apart and assembling of mechanisms, and with their regulation. The 
clectro-tcchnical course includes a study of the basic electro-technical 
materials, electrical measuring materials and instruments, eleciiical machines, 
direct and alternating cm rent; and transformer i, elements of electronics 
and automation, generation, transmission and distribution of electrical 
energy, and some of its application for technological purposes. The 
machinery and clcctro-tcchnical courses have a polytechnical character 
and arc closely related to the physics course. Jn village schools these 
courses give iufornaation on farm machinery and the use of electricity in 
farming. 

Such arc the main directions followed by the Soviet secondary school 
in perfecting natural science and general technical teaching. The fact that 
more attention is now given to the natural sciences and general technical 
cycles, and to their further extension, docs not mean, however, that tho 
role and importance of the humanities arc in the least minimised. As 
before, they continue to have an important place in the Soviet school, and 
steps are being taken to laisc their level still higher. The principal subjects 
in the humanities cycle arc history, literature and languages, and they 
figure in the curricula from tlie fifth school year on. 

The Soviet secondary school is expected to pieparc highly educated 
people familiar with the principles of the sciences and humanities and capable 
at the same tunc of working in modern industry. A function of the schools 
is to teach young people to strive to be useful citizens, actively participat¬ 
ing in tlie production of material wealth required by the people This i.s 
the fundamental object both of the reorganization of the Soviet secondary 
school, and of the contents and teaching methods it uses 
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In i t'st I of tlie .rourn.il svt* h.nl juv'cn a tlctailcd account of the 

pnuUi^nuvn i>r PSSC' ii\ llic T*,S A. 'I'lur book is the rcmilt of the 

•.'.ink oS a iiikuti* leachsMs of pUysics btith at the XJniversity 

second.it> st.'h*iol levels. I'lie F*SSC * pn»up broiiy,ht out the book 
/Vi wa v in I V>1. and .i number of .issoci.itcil niutcii.ils such us woi k-books, 
Uiboraloiy •*ui*lC'., a set of inexpensive appai.itvis. Iilms, tests and teachers’ 
jiuuic rUs’v have pubhvh.:d ^*5 iiiles in phssics at a very low cost to serve 
as svip]vlcrneni.iry icatlinp material 

In tins iNsue we iiilroduct- our rejiilcrs some of ihese books 
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I’listenr and ?vT<iclern Science i Rimi* I'>iuif)s 
Sciem'e Study Senes. S 15, pp 150, !t>60. 

I rt the teachin;' of a science, the history the science tind tlic bio- 
i^raphics f>r nfcal d isiovchts aie .is iinporlant as the ci^nlcnts lliemselves. 
Ptistfur nftfi XiDiinn .S’c/e/ict- is an inspiring account of life of IwOuis 
Pasteur and the passionate tlevoii;.>n to cxpenntenlal science that Pasteur 
sliowcd. I lie vvoid ‘pasicui i^ation* ha.s liecomc common, tint! I^a,stcurhas 
immorializcd hintsolf i^y (lis ^^ertu theory of diseases, his work on anthrax of 
sheep and the firophylaxls of labics. As a matter of fact, many laboratories 
wlticii prepare vaccines ai^ainst the bite of rabid dojxs iire named after 
Pastcvir. In a very .simiilc style tlie author i*ives an account of the various 
achievements of Louis Pasteur in the field of microbiology, bacteriology 
and immunology and his experiments with milk, wine, vinegar and beer. 
It was his work on these substances tiiat laid low the then age-long belief 
in spontaneous generation. Besides thc.se accounts the biograi^hy also 
includes details of Pasteui’s domestic life, his noble views and high thinking 
all enlivened by many personal touches. Very often, Pastctir spoke of the 
‘clt.ise corrcUitioii that exists between ihcoietical science and the life of 
nations’. Wc cannot overcniphasi?:e his advice to the young sttulents, 
‘Live in seiene peace of lab<.>i atonies and libraries . . 


'l*hc Physics of'relevision : Oonai^o G, FmK and i:)AVio Ivl, Lti rYHtss 
Science Study Serie.s S H, pp. 160, I960. 

Xhe book gives an account of the basic principles of television in 
very simple language. 
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Tlie first chapter of the book deals with the problem of communica¬ 
tion in a general way. Xhe essential criteria for any communication 
system viz., speed, accuracy, distortion, power and modLilation are discuss¬ 
ed. Xhe basic ideas of television as sending the picture in code, the neces¬ 
sity of scanning, the possibility of seeing the motion picture due to persis¬ 
tence of vision, which in the present case means transmitting and receiving 
six million picture bits per second, are introduced. 

Xhe second and third chapters piovidc the basic tools for television. 
Chaptei two starts with the basic question, ‘What is light—wave and/or 
particles' ? Xhe answer supplied is, ‘Both tell us partial truths about 
light’—‘Both are consistent with each other*. Moving through the 
chapter, the authors carry the readei through many fundamental problems 
dealing with the source of light, the interaction between photon and elec¬ 
tron, photoelectric elfect and fltioiescencc. Xhe third chapter stai ts with 
a discussion on electric current in solids, gases and vacuum and is followed 
by a vivid exposition of the relation between current and magnetism lead¬ 
ing Co the electronic valve and its use as an amplifier and oscillator. Xhe 
two chapters are extremely well written and explain some of the many 
complicated physical aspects of the nature of light and electricity and could 
have formed a valuable part of any book on basic physics. While leading 
through those chapters one forgets for a while that he is reading a book on 
television. These chapters cover more than one third of the book and one 
is apt to feel that the authors while writing a book on television could 
have safely assumed this knowledge on the part of the reader and should 
have used these pages for more details of the television system itself. 

Chapters four and five bring the reader really in touch with the work¬ 
ing of the television system. Pirst, a simple closed circuit television system 
is described which brings forth the essential features of the television trans¬ 
mitter and receiver. A.L the transmitting end, the working of electronic 
cameras—iconoscope and image orthicon, while at the receiving end, the 
picture tube which finally converts the video signal wave form into moving 
pictures, is described, Xhe necessity of having the synchronization and 
blanking pulse is stressed, Next the system is extended to radio tele¬ 
vision system and the problems of modulation and demodulation are 
discussed. 

The last chapter adds colour to the television. A-S in other chapters, 
heie also the authors start with the veiy fundamentals. Xhe question, 
‘What is colour and how we perceive it’ leads to the distinction, between 
physical coloui and physiological colour. It is fortunate that the human 
eye is deprived of the analytical power of perception making colour print¬ 
ing, colour photography and colour television possible. In colour television 
the additive process is used. The picture screen is coated with three 





dtflcrcnit, nu**rc*5trni e;vi>'stajjccs \^hich when excited f’low wiih red, preen 
nnd bUtc hvht, tespt clivt ly. WhiUr it l\ic in^ape lo he \cle\ised 

tx sphe tip in = »> Utree imnpes I'tie in each i'f ihe prstTiaiy C(d<^urs —and the 
pcmvrr 1 4,a nmUna*-. t!\erfi I he chapter makes it clear that a colour T. V, 
Oi very ctunplex ;i?id rnoie tSe’Ii-.uc than black and white pre- 
tU 5. M . I he tUiads 4 f c htonmUitt^ue ja^sial arc vdi«!vc tJie stur.daitl of tho 
le.ivjer. Itu wljtim the ln*ok meant 

Tht' piintmiT arid she pet up of the iTtuik I'v nice. 'I here arc very few 
tmstakes, ihonj h i^isc < f tht m is vciy pl.trinp Cp i<2, l;j! 1 ! >, 'I he resonant 

frcqvsency ss piven as V-. \ instead c'f V.:.) , and this could 

have l^cen coriecici-l very eu'dv. 

'The bovvk icIW the st<»ry ic’evi'sit'in anti hicipr aphy c>r the msiin actors 
thcretn tn a very sirntp»U', lucid at\d inlcrtist sustaiivsivp fashit^n. 'The authors 
have succeeded w’cll ti» achicvini* the aim of the book, 

Tvt. fC. Ma.C11a.wb 


r>choe5 of Danv nnd Men ; 1 >onai r> R. CiHirtirw 

Science Study Series S *4, pji. 156, 1959. 

I'hc book gives a clear idea of how sindics of bats, pot poises nnd 
whirligig water beetles may help us to apply echoes in our everyday life and 
how this knowledge rttay also be applied to help tb.e blind to move Crom 
one place to anoilier, 

T he book starts with animals who use echoes lo hnd their way in the 
dark and to obtain their daily food. Whales and porpoises swimminp in 
the dark or in turbid water make clicking sounds wiilt frequencies ranging 
front 150 to 150,000 c, p. s, and can locale a small ITsli fiom the echoes 
received from the fish. Bats flying in air catch their prey by echo-location. 
lExpcrimcnts show that bats when blinded can feed on insects just in the 
same way as any other normal bat. When flying in air tb.cy nu»ke orienta¬ 
tion sounds, clicks of high frequency ranging from 10 to 1 f O k. c, for diflerent 
Bpecie.s, each click lasting for a short interval. Whenever th.cy detect nn 
insect, there is a marked increase in the uuc of oiicnlalion sound.s, 'They 
catch their prey, very Jinall insects like mosquitoes, very quickly. Fish- 
catching hats fly just over the w'atcr surface and catch fn.h from inside 
water surface in the same way. Calculations show that the intensity of the 
echo from insects or Irom a Osh is extremely small. Water waves and sur¬ 
face echoes have been used by whirligig beetles to move from one place to 
another on the water surface without collision with any obstacle. 

The next chapter deals with the nature of sound waves, their propnga- 
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tion, formation of echoes, etc. Echoes are rarely noticed even tliough every 
object reflects sound to an appreciable extent. Experiments have been dcs- 
ciibed to demonstrate echoes using an oscillograph or foy using a tape 
recorder. Xhc second experiment is a very interesting one. Using a 
toy dicker and placing it at the focus of a paraboloid horn, one may, with 
care and practice, detect walls or small trees simply from the echoes heard. 
The method of echoes has been used for the determination of velocity of 
sound in air 

In the chapter on Sonar and Radar is described how sound waves 
have been used for echo-location. Echo sounders have become almost 
essential for safe navigation. Using very high frequency sound waves, 
submarines, icebergs, etc., have been located, the reflected wave and a local 
high frequency wave producing audible beat notes. The relative motion 
of the target has also been determined from Doppler's principle. Sound 
waves through solid materials (and echoes) have been used by geologists 
for oil prospecting or for detecting different 13 pes of rocks. Echo-probing 
may bo applied in the near future to detect discontinuities in the internal 
organs of human bomgs and this may have some advantages over X-rays, 
The use of radar for the detection of distant aircraft by echoes of radio 
waves has been described and the relative efllciencies of bats and Radar 
have been compared. 

The last chapter deals with blind people and how echoes help them in 
detecting objects. 

S. tc. NaKD! 


Crystals and Crj'stal Growing ; A. EToldthn and P, Singer 
S cience Study Series S 7, pp, 3120, I960. 

This is a useful and jntciesling book written primarily from a 
layman's viewpoint. It presents a well connected account of known facts 
regarding the symmetry of crystals, some of their charactci istic properties, 
and some simple methods of gi owing them. A notable aim of llie authors 
has been to induce the reader to try out a few simple experiments and 
recipes suggested in the book. Eor this reason, and the reason that it is 
intended to be only an elementary text on the subject, emphasis has been 
solely laid on one mode of crystal growth alone, viz., growth from 
solution. 

The book starts with the concept of the crystalline state among solids, 
l^ext, the principles of growth from solution are outlined and the methods 
of growing crystals of certain familiar and representative substances given. 
The concluding chapters describe in a simplified manner both the external 
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ct >sf ;il‘^, .tiivf ‘-fint* I'f ilitn familiar properlies 
hV.c ^lcu\ap“'. } '.'c 5i t If-Tv; p.um ^ |ali'-a t r fc cfi«‘<.'l. cte. 'I he book also 
p,?vcs a t? : <'t .»tvaii<t.l U'l .'i.ti auu U fti the subject to interested 
reaj.ici'^ \ Ir.v pi«vl h’,i.->. .iit' al’.o cartel t«,! In it- anti ihcie 

I ha ‘c I >5 w, a II a* i 1 Ux i*! x-i xl a -.pei. la 1 \s t it 1 1 is tine to the simple 

\ri s, » eUu \if\r. hue »j-1 < an ^ lilt' l'o« k is tiill of iJseful illustrations, 
iiulutlia.’ many ph i tl* “m ,t-,«; k ^ St'inc t*f these aie cidoiiictl, showing 
natut al \ oh mu s «•!’ t i \ stal T h<' M11k m j' ‘'■impht i 1 y and t. lai My vt ith which 
sc'.ei.d lathes intinalt* prunts in t-Ty-stal inowth have been explained and 
i Hu t f aUal _ b *a r a t U'ar st.unp t>f t lu' c ich expei icnce of the senior author 
in this fteKl. A U*‘a nusial j ipes pose loi a r^Mher abstract stait, but the 
boi*k so<-»n settles tlt^wn txi a ^soU eonticcted acctnint. 

Ct. C\ TrICjUNAYjVT 


Near yicro ; t>. K.. CMac'Oojs'AI i>. 

Science Suidy iSeries fS 20, pp. lb', 

Xhc hook giivcs a jioptilar cxposiiitui of the physics of low tempe¬ 
rature. Tt ftuins (lart of a series of books wiltlen le» ‘pioviclc a survey 
within the jirasp of the y<iunj.» student t>r layman'. 1 lie book tells us 
about some c>f tlic intcrcstin.u ihinps tliai happen or can happen at low 
tcmpcrattire.s. It is written in a lucid convcisaiional style and holds our 
interest throujidioiit. 

'rheie are five chapters in the bi>ok The first chapter intioduces one 
to the absolute .scale of tcmperatuic. 'Fhc second chapter on ‘IIow do we 
make low temperatures' is very well written xind t»ives a. clctir idea of the 
physical prineijilcs involved in llic production of low icmiTCi atui cs. The 
concept of entropy is cxphiincd and llic nictliod of adiabatic demagneti¬ 
sation is presented in a sintple manner with the help of clear line 
d ia|>ram.s. 

The next two chapters deal with the phenomena of ‘sU]icicon- 
ciuctivily’ and ‘superfluidity’. Here the author meets with the dilVicullies 
usually pi'oscrit when lryiii;^» to explain complicated thcoictrctil concepts 
in an easy and ]^opular way. lie has ovcicome the dilTiculiics in a manner 
which may not be completely acceptable to a theiii etician, The last 
ebax^ter mentions Tlow other .sciences make use of low lemperatuxe 
physics’. 

The book has a few inteiesling photographs of the equipment used 
in a low temperature laboratory and has u useful index. 

N. Pa-NCKAPAkesam 



BOOKS FOR YOUR SCIENCE LIBRARY 


97 


JVlagnets : Francis Bixtfr 

Science Study Series, S 2, pp 155, 1959 

The book gives a lucid and up-to-date account of the subject of 
mflgnetism in a non-matlieznalical language- The autobiographical touch 
makes reading particulaily pleasing. 

Beginning in the historical fashion with, permanent magnets and their 
intci actions, ihe auLhoi goes on to interpret them in terms of electronic 
cui rents in atom ; the same concept is used, to distinguish between para¬ 
magnetic and diiimagnetic substances. Ideas of quantum theory are intro¬ 
duced, specially that of the space-quantization of magnetic moment in an 
exteinal field* and ex.peiim.cnts ate described which confirm them. 

In the chapter on. fciiomagnetics, concepts of spontaneous magneti¬ 
sation. and magnetic domains are introduced and magnetic powder experi¬ 
ments, which enable one to ‘see’ the domains, are described. 

The chapter on the production of sti ong magnetic fields is highly 
inteicsUng. The author discusses at length some of the difficult problems 
associated with the passing of enormously high currents thiough conduc¬ 
ting coils, and their eventual resolution. 

The book end.s with a chapter on the relatively modern subject of 
nuclear magnetic resonances. 

K.. IC. Singh 


How Old is llie l^artli : Patrick M. Harley 

Science Study Series, S 5, pp. 160, 1959. 

In this book the author gives an up-to-date account about the age of 
the earth in vei-y simple, iion-mathemalical terms. Thus, the matter in the 
book can be easily understood even by a layman. The style is quite 
good and sustains the inteiest of the reader up to the end. 

The author lays special emphasis on the earth’s radioactivity in tlie 
understanding of the problem. He develops this by starting from the 
structLiie of the cai th and the various geological events which give some 
clue to this ancient riddle, and ends with the conclusions derived from the 
study of the oi igin of solar system. He shows in quite a lucid manner 
ihat radioactivity is a very iinporlant tool for a geologist. 


K.. Chandra 
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Water I he Mitroi *tf Science : ICt hi S Travis and Jrini^ Akihijr I^av 

S 1 s , pp, I 1 'U'O 

The .iRUluu opens the fiisi ehupler by tnlkini* in detail about the 
umisual prop;'iiies <!(* such a ‘usual’ substance as water. In very simple 
style ho explains the molecular theory of matter and its tliree stales. He 
explain-', the unusual Vimlini’ and frccxiiip, points tif water, its maximum 
density at 4'C\ the remaikable heat cnpaeiiv of water, ,ind the use oT these 
iinusuat tiualuics in rtatuio. The unusu:il use tif water as a solvent, its 
surface ten,sxot\, ani.1 its- use ni nature liave been well explained. 

C'haplei iwi.' tlesoTibes the discovery of the composition of water 
in a hiMoncal style In the thud eliapter the authoi discusses the causes 
iif these unu ;m.iI piaiperlics of water. lie bei»ins l->y takini^ up IDalton’s 
ihetuy .tnd the concept tif nionuc. weittlu anti talks ».>r the Mcndelcef’s 
table and [''criodic law lie then takes ii|-> the physici.st’.s conce£>t of an atom, 
describes J. J I homson's experiments and Ivl- C'urie's discovery of ladium. 
In a historicMl style he traces the tlcvchipincnt of the model n ci^neept of 
Ihc ;tloin, itcscriliing the experiments of li. Rutherford on .scattering of 
the alplia t^ariiclcs* anti Bohr’s theory to establish the structiirts of the 
hydrogen atxun. He tliea explains the modem pci iodic table. 

I'urninp. to the chemical bond tippioach in the constitution c>f water 
molecule, he explains why water would not be easily iom/^ed. He mentions 
the unusually large vlieloclric consl4inl of water, and its unusually laigc 
pr<iper ly as a scilvent 'I'hc hydr<igcri bond in llic water molecule ha.s been 
explained as providing the extra force to hind the water mcilcculc together, 
than the mere Van der Waal’.s attraction. The unusual propertie.s of water 
explained by the hydrogen bond aie, for example, fltiating of lee, large 
heat capacity, etc 

In the hiurth chaptci the author introduces the new isolopc.s of 
hydrogen and oxygen, the heavy water, and talks of the presence of 
eighteen difforent compounds in a sample of so-called pure water. He 
then explains ‘nuclear lisslon’ and. ‘chain rcjiction*. and the use oF heavy 
water as ‘moderator’. He al.so lalks of the possibhties of nuclear fusion. 

Ill the fifth chapter the author decides the age of the sun and the 
earth from the rate of disintegration of the radioactive elements, and other 
evidences. He then explains how the peculiarities of water caused by 
hydrogen bonding made it by far the most important terrestrial agency for 
the geologic modifications of the earth’s surface. 

In the sixth chapter he talks of the possibility of life on other planets, 
and goes to trace the origin of the life itself. He then talks of the problem 
of the availability of water created by man by his excessive use of the 
usually obtained ‘unusuaK substance ‘water*. 
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The autlioi concludes by saying that the natural woB*kl reveals itself 
as a flowing reality analogous to a rivet- ‘.Like a river’, it is paradoxical 
in that, it is continually ceasing to be what it is becoming, what it is not, 
while yet remaining what it always was. The book, provides an engrossing 
reading for all and is within the competence of a student of science at the 
Higher Secondary level also. 

R Prasao 


Xhe Restless Atom : Ai-fred Romfr 

Science Study Senes, S 12, pp- 198, I960 

This book describes the historical development ot the theory of the 
atom, paiticularly the nature of radioactivity, transmutation of elements; 
into different isotopes and the chain of events which helped in understand¬ 
ing the structure of atoms 

Starting with the experiments of Roentgen with X-rays jn 1896, it 
desciibes the Undings of Henri Bccqucrel about the penetrating rays emitted 
by uranium and its salts. A detailed account is given of the discovery of 
new radioactive elements, polonium and radium, by Mane and Pierre 
Curie and exxDeriinents on the decay and build-up of short-lived radioacti¬ 
vities from tliorium oxide and uranium by Rutherford and Soddy and 
Crookes. rvfext follows the series of experiments performed in different 
laboratories which led to identification of cc and p rays from uranium, the 
number of a particles emitted per gram oF radium, the charge of an a 
particle and finally the transmutation chain of radium and actinium. Later 
It was established by Rutherford and Royds that «. particle is the same as 
the helium nucleus From experiments on the scattering of « particles by 
lead, Rutherford got the first clue of the model of atoms. 

Elaborate spectroscopic and chemical studies on the decay products 
of radioactive elements resulted in the discovery of isotopes by Soddy, and 
by 1912, every known radioactive element could be fitted into the Periodic 
Table- 

Finally Bohr gave u model of the atom, based on Rutherford’s earlier 
model, which became the starting point of modern atomic theories. 

The book is written in an interesting and readable style describing 
chronologically all the experiments performed by different workers which 
cleared the way for understand-ing the atoms. It will serve as u good 
introduction to the subject for the beginner 


V. P. OuaoAL 
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f HEMISIU’V I or Hu‘ NtocUcn \\<»rld. Citovttrl I’oniiu 

f or f hi' M«j<lof r» VV «rM r* If W.m )r »r>. t. j f».% 

,S\ h fUi tilt' ,V/r#r/iV'/i St^fit.‘s. (xi'fif X. ITdrrup «<• C'o. 

I lisfrard IfntWfWltV t*l€'KS, ICcich ‘fs. f\cl. 

ScK'ni'e ttnl;iy Ikjs pioi*fcv‘ctl si> nnu:li that >L r. riillieult lt> keep pace 
witit Uic* iul\‘itrK <'ricicr\t <W' kiu^wlctlcc ll\r vaiifins cl j** rp)incs, '1‘ho common 
man takes I'lU j.':i anted :a:v'ctal scienthio iiiaiv'ols* which were iinknc^wn. to his 
fc^rcfallici s Tlie sputniks and the advcntnics into space, for example, weie 
unknnwiii and considered vciy dillicnK to ucldeve only two decades ago. 

Attempts ate made in schools today to give cveiy child a balanced 
education, and the It-ichor has to know a liillc of evci> science, so that he 
can answer the cjncJics ol his \vai<ls. rhesc thice hot>ks, each written by 
an eminent scleritist, stale tlic pi int'ii>!es of ilic basic seicnco.s, in clear and 
.simple lanpnai'C and the teacher wh<,> h;is got’.c through lhc.se books will be 
hcttei equipped to explain tlic several utivances in the thiee .sciences 

'I'hctc ate two miciluHls in winch a science can he described, one is to 
describe from above ilownssaoi and thc<»iiici b<im lieUov npw.iid. All the 
Ihicc .sciences dealt witli b.ctc cuc so \veU a<lvancei.l that the lallei method is 
adopted, i. e, to begin with an account of ihe fnudainenlnl Linits and work 
gTiidually upwards lowaitls ever ylhing ai onnti ns 

Tfie lit.sL book, on phy.sics, begin.s with mailer and r7H>Lion and cads 
witli a chapter* tliat is devoted to (he £itoni anti its sliiictuio. In betweert 
familiar physical phenomena are described in simple anti lucid language, 

'File second volume, on cheinisliy, begins with atc^ms and molecules 
and their sti uctuic, ■'I he concluding chapter on ‘C-homistiy as a Servant of 
IVlau’, is very instinctive as it deals with fibres, plastics and mbber, dyes and 
drugs, anti soap and water, to mention only a few. 

'fhe third book tin biology, is wiitlen tt> piovidc a general account of 
the science in n form whicii icqniros no previous .scientific knowledge- TJie 
book begins with dc.sci ipttiin and strnctuio o f en«^yines iind genes, and after 
dealing with various other fcatiiies, it entis up with an account of 
evolul ion. 

There is a thoiight-pi tvvoking foievvaidby Or. Radhaki ishuan. Presi¬ 
dent of India, who says llial science and lechn<7lt)gy liavc vastly incieased 
our capacity Ut sliapc C7ui life for good or evil. If i iglitly used, these powers 
can give u.s strength, a rnllei fiecdom and a belter life, and if abused they 
can bring about chao.s and de.struction. The piesent is a period of testing. 
Everyone would agree svith these views 


S. DORAISWAMI 



PLATM'I'S AISfl3 MUMAIV HSSXOMY 

1» MA.Hr.SJHWAR.1 
Univot sityf nj' ly^^ih i 

Iheic IS often iiu impiessioii in the iitind of the. layman that the 
s-liidy of hotiiny is an innocent pastime peculiarly suited to the female sex 
because of the nice colouis, elegance, and fragrance of flowers and plant 
parts. They ito not soil theii nice dresses, noi give out the foul smells 
characteristic of a iahoratoiy dealing with animals. There is also not 
much dangei of buiniiig the hands, or of having to exert the hi am with 
diflicult mathematical probenis as in physics and chemistry 

All of these x^remises are false as botanists will no doubt api^reciate 
and understand at once As I shall tiy to show, for obtaining plants 
men have gone forth with the sword to distant lands, set upon long 
voyages of discovery, and conquered new lands. In fact, even in the 
modern world, plant powei means as much oi more than water power, 
soa powei, iitoinic energy, ,ind so on. 

QIIH.S'I' I'OH. SPlOfcS 

Of considerable siginlicance in this connection arc the spices. Com- 
moii-v>lace though they ate today, the history of their cullivatioit and 
transport is a romance which includes accounts of geographical discovei’y, 
economic warfare, annexations of teri’itories, and all the vices of theft, 
envy, hatred, and subterfuge which the human species is capable of. 

There was a period in history when India was a prosperous country, 
(lowing with ‘milk and honey’. The economy of the people was sound and 
from the evidence of foreign visitors like Megasthenes it appears that 
famines never occurred those days- Of its plant resources, pepper (^Piper 
nigrutn) was among the most important from the international point of 
view Two thousand yeai.s ago only kings and the wealthiest nobility 
could afford its use. lii Rome during the first centuries of the Christian 
era it was measured nut in balances for its equivalent weight in gold. In 
408 A.O. when Alai ic the Oolli captured Rome and massacred many of 
its citizens, lie demanded as his tribute 5,000 lb. of gold, 3,000 lb. of 
pepper and 30,000 lb. of silver. Attila (406-453 A.D.}, K.ing of the Huns 
and Scourge of God, as he was called, demanded 3,000 lb. of pepper as 
part ransom for the cuy of Rome. In medieval Europe pepper was held 
in such high regaid that landlords readily accepted rents in pepper. It 
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t , 1 ^ .1 I .’Mtiiu >.i'f %' .‘I si.indan.i value iiist tohauci) \s as leyal tendei 

ni ^ 1 Kins's piosentow! peppei f<* cash thhcr and it was 

'. ej c cd nit's? t ’ vl i.il t v ( let inaiu t < J •'S ) i ii fi is Kotik. / //e C Treat Ai^td of 
r x- -cTttc- *< iistt'-rn <iuties^ rent ' tave*-. c^er» court lines were 

pAui iu s,’' U honviUt itt'mn'l iml kin<!, paid tdV morunotes, could 

^>iiy Kuo’ls i ant-l ctiais of .ums I he nit» .T hcaiinUiI weunen, the 

nohU'a hvu cs. ihe Kri’sh.-nt lewels, eviceutus toTpets, mic fuis ; all 

fhcsi- .*u; t Kc' li.ttl Itu pepi'ei ' ■vTanv »nlier spicc^ sseie alst> held in 
hndi lep.od \ smith* pound »»! pinner eoultl tins a shtcp. iincl a pound of 
,.Kt\es kOuUi Kuv '-.even sheep tn Ktune, tin --iiectal occiisions, the 
wsus* ^fumi etdeil' \silh clove-n , ;inti it was tht ciisitirtv in C'liina 
noUl a clove in the nn'Ulh if nnvone vvanteti to spisik lt> tne Son *il fltLiven 
tii5't ii was the IVrsuins whti took spices fioni rnili.i hy caravans 
and sohl ihcni to the l*htieixici;u\s kif Sidt'ti anti Tyre win' tiiidcd tn them 
aU alnnu the MetlitcriancvLn co.isis fieun Ic s.unl« m to Rome From Ihc- 
hisi tti the eijihih ceniiny Indian ;ind <»ieek itinU is held the monopoly 
I.alci, the AraKs tttok ui'' the trade and sold the spices to Venetian traders? 
in the iriarkcls xif I ^iirnaseu.s. Enstanbul and Heii ut Ai.ib s.ulor-s ventured 
t\ir out to the I .ist into C'cvlon and the \ft>luccas I lie Venetians ot* those 
itays 'i[ioke. of ifie ‘s{Ticos of Arahy* kn<»\sini» liulc aKoul their teal igin. 
l.atci Malacca aiul Malab.ir wore considered to be the homes cif cloves 
and nutnict*, when in reality they came I'loin larlhcr east .ind India was 
only the wholesale shvppuxt', agent foi some ot these pioihicts. 'The Arabs 
closely kept the secret and obscured then account with tales of terrible 
sea-monsters and wild animals which noi even the biavest of the Venetians 
dared to see fV>r himself 

It was not until Marco Rolo t 1254-1 "^247), a boy ot 15 years, went 
with his father and uncle to CJhina, and brought with him an account of 
Che treasures of the Orient (the ginger and camphor of C!hma, cloves and 
nutmeg of the Pacific islands, cinnamon groves of CJeylon and the pepper 
vines of Malabar) that the Kuropcans began to have some idea of oriental 
geography and the spice treasures of the Hast The prosperity of Venice, 
icsuUing from her trade with India, was a matter of extreme jealousy to 
the other Kuropcan powers who were anxious t<» get direct to India with 
out the intervention of Venice or Egypt C’olumbus (1451-1506) sailed 
westward but discoveted America instead of India Inspiied by Prince 
Henry the Wavigator (1394-1460)’^ the Pcirtuguesc sailors were at the same 
lime pushing farther and farther down the coast of Africa. In 1497 Vasco 
da Gama <”1460-1524) rounded the Gape of C5ood Fltxpe (formerly called 

^ Henry htmselF navigaled nt> ships und never went beyond the straits of Oibralcar, but he 
greatly promoted maritime OKploratton and was keen to find an all sea route to India with 
the object of circumventing the PLed Sea route which was under the control of the Arabs 
and the Egyptians. 
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the C'ape ot Stoims) and then reached. Mozambiciue sn IMlaich 1498. His 
ships reached iMalindi at the end of April- Guided from there by a 
Gujarati pilot he landed a few miles north of Calicut on ^/Tay 17, 1498. 



after a strenuous voyage of nearly 11 months in which more than half of 
his men died of scurvy (see Fig. 1 for route followed by Vasco da Gama). 
“The importance of Vasco da Gama’s discovery lay in that it broke the 
monopoly which the Egyptians and Venetians held for several hundred 
years in the tiade with India. Very soon the Portuguese came into 
conflict with Ihe Arabs whom they ousted fiom the Indian shoies, and 
later with the I ndian princes who were silenced by guiiliie. Encoui aged 
by theii successes and the superiority of their arms the Portuguese seized 
the coastal areas of Oeylon with its great cinnamon forests and founded 
a brave little empire over half a year’s journey from the homeland’- TTliey 
made a law—the disobedience of which was i:>unishable by death — that no 
native could cut a single foot of cinnamon bark or sell it except under the 
orders of the conciuerors. On the Ivlalabar coast they captured Goa 
and built a large warehouse and fort. Among the articles they took from 
India weie pepper, cardamom, cinnamon, ginger and coir for making 
ropes for their shi’ps. Portugal was then at the zenith of her power. She 
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vn'> 'I f.<‘ fiu* ■ ‘ ,i X a»ui the in.ir it ir»ie e.Lf>ir;iI lU I-,\irc>pe. (>i\ the 
h,*.l h * w-« <v.'5 e'J lirri.'' I * the easietn side she went 

HntUer* I \1ah . t .■, eifs t‘t' the hid.Kin ; and then the Molu- 

a'ca*^ nrSva * ts’Mit- \ P.-ittie *a\ ni h*’. * a'.eti »a? inir hnok entitled, 
C%jr 'T ; '(in- 'I a. ihe'.^ .hh > •* ilw* 1‘t' rl n»; i le-u* I'asL India 

< ’« ' a •< a-i - i .vi . • s. hi« .nv\ ‘ I •■■' pi ^ d « e p r «’ W’it \ \ ‘dii\ t's t< ^ pather the 

pT .’e t. H'. , , d h , v.* r . I » i \ .d a the 1 11 Ii i n s» a .. I he i » unpany poll red 

in t a ? h,' ^ I M , .. i 1 , h a. -ai, h i-a hh a a t». . i . <M < i p- h*ul r lev ei ch earned of 

I h ‘ M t • . i h ' • u a41! fc « *M n11 V. ia * ■ s >t a* • >•' t<» i »t >Ul i is t a i - Huiip pt^ssc- 

■vs... 1. O’) a, unn; 't lu' [>iitt. 4 i an I ths- HtiTi'^h mercilessly attacked 

11 , d a' r'*% a , s .V he I a a nvl in i 'd t U»* m Pi m - ■ >c «- > * >v.*i i wsis nniled with 111 at 

oTSpaim I'l‘- Spaniai’K : a «.“!eT i I'd Iha .-Xtl intii ctml the rubies and gtold 
pi mala I e ‘ t ‘ 4 nu ib< • -V Me« - .■ad the Ine - ‘ i h.’. i i h' • e» f the ( )i ienl. 

In (!l'f lx;idnv’ n i-.'i ».‘i<ant , c»{ Ibdl *nd {lehl a meeliiii’ at 

AniPekdani and deenUd ta 'Ciiil a l>uleh ll.s * »«» lavli.i A tiuniainy wjis 
t'(»M lie I . a i d a fleet t >r -I sii - |i U t «u I nil'.a »m 15*^' In 1 5‘JO tlie IJtLi Ich 
h, id al! e. nly establ ishtal ' n eastn ii it ade md ♦ ihm ■ i ani ' l lie li i i tisli L-ikc 
ants [viHovyinp. a snhc td‘-.up^ar. the Out' lisaiUn tiaiKsl ai«.uuul the C!ape 
4>r C h>t>d F1 1 'pe 14 1 I luha. an 4l ths n V. cut ‘ a I ti» \1 al n * a .uni lina il > to the 

Spnc FslaiKls <)ne bN «uie the Ptnliirin a* p* v,s4.ssimijs teU. As Panikkar 

M-iys : *( hanenped «*i» the sea btiih hy tlur I>ut4^'h anti the English 

an<l hated Iny the Indian pt>ss<'i », the* Pi»i iupiicse I'unplii a losinp battle’. 

Rvitlduss and nibnnian in iheii lehunnis vsiih lh« nalive inhabitants, 
the I>uich ditl the |ub even mote ihoia^uidiIv ih.m the PoriiiguesvC. Wealth 
ponied iiit.ii then little country as it had thuic lielore into Portugal. Uarge 
and bcauttful hiiiUhiigs were eicclod, fashionably thessed men and women 
paraded the streets, men hv^ctl in case stnd iiUeness anfi 'there sprang up in 
Mollanci a pala'cy iif fiainteis, miiMCiaus, scientists and poets'. Persia, 
Plioenicia, Arabia, Damascus, Venice, lasbon and now Amslcrdaiu 
flourished by turns utvder the Midas touch ot spices 

I-Iolliind*s genius burned for a eeiiluiy. C!)ther I:uropean nations 
were jealous, and in 1770 Poivre, the Piench Ciovernor of Mauritius, 
smuggled cloves and nutmeg out ol Moluccas to his c>wn pnovincc. I'roni 
ihere the plants wcie taken l<> xCaiizibar and the West Indies. The Dutch 
mtmopidy was briiken, although they conliniiei.1 in Tndtuiosia until 1947 
and .still made great profits in various w^vys. 

The Hritish were at first friendly to the Duicli but after- the I^ortuguese 
were put out of action, they changed aides aui.1 fiir many years there were 
naval and land clashes between the Hritish and the Dulcb. In 17!S6 the 
Hritish got a grip on Penang, then on Singapoie and later on ITongkong. 
The British fiast India Company conquered alrm^st the whole of India 
which passed on to the British Crown in 1R57 and remained a giart 4>f the 
British Empire until 1947. 
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N^UTINY ON T’r-II’ rtOCZ/VT’V' 

Many people have heard ofOaptaiii Bligh’s voyage to she ssland of 
Tahiti and the reboUioii of the ciew of his ship BtnJnty Xhifi has figiiicd 
in several novels and even a cinema film has been made of it Not all 
know the object of Hligh’s expedition, however In the 18th century the 
Biitish planters in the West Indies had devoted Jaigc areas to the growing 
of SLigaicane. For theii slaves it was nccessaiy to liavc some cheap food 
and the; planters thought that they had found an answei in the bieadfruit 
iArtorarpt4s inctsay, news of which had been bionghi to Hngland by various 
st>ulh c^ea explorers including Oaptain Coolc. IJke the jackfruit, this is a 
laige tree and the fruits grow on boughs like apples. When ripe they are 
yellow and soft with a pleasant taste Being in season for eight months in 
the year, the tree formed an important food for the niitives in the South 
Pacihe islands. Flic planters of the West Indies were attracted Sir 
Joseph I3anks» then Piesideiit of the Royal Society and himself a botanist, 
persuaded King Ocorge III to chnrtci a ship under Captain HHgh who had 
once accompanied Cook and took a kcoii inteiest in ntituial histoiy. Two 
horticulturists of the Kew Clardcns were sent with him to tend the plants 
on the icturn joiiriioy. The Bounty sailed from England on October 15, 
IiS7«S. Due to wind and currents she failed to round Cape l-Ioni and had 

to be turned eastward reaching the Cape of Good Mope on May 22. 
Prom theie it went to Tasmania and it was only on OcLobei 24, 1788, 
after a full year, that it reached Tahiti. Dligh gave to the natives the seeds 
ot melon, cucumber, some stone fiuils and almonds, and look from them 
young plants of the bieadfruit. On April 4, 1789, live months after its 

arrival at Tahiti, the Bauntv set off for the West Indies. Mowever, the 
sailors had taken native wives and begun to enjoy life on the island. They 
were most unwilling to return. Bligh’s treatment ol his men had been 
lather high-handed and he used to award stern punishments for compa¬ 
ratively small offences This had caused i esentment in the minds of 
many. At the same time it appears that he had not chosen his crew 
carefully. A giiod proportion of them were an irresponsible lot who 
preferred a life of ease and luxuiy rather than Face the danger of the sea. 
On April 28 the bubble burst and the famous mutiny broke out. The 
rebels throw the precious cargo overboard and in a few hours the bread¬ 
fruits were floating in the Pacific. Xuined out by the mutineers Bligh, 
along with a score of loyal followers, performed a voyage of 3,600 miles 
in an open boat. This ha.s become one of the epics of the sea (Fig. 2). 

Tn October 1790, the mutineers were court-marshalled ; and in 
Oeceniber, 1792, Bligh started on a second breadfruit voyage. Mis ship, 
ProviclGncGn arrived at Tahiti on April S, 1793. On July 18, it left with 
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■ KVi •ft.i.l oroaiHf .4ti (ut--. .iii< i pi^uiTs Only a fraction 

-»i the c 'stji V ni. evl ;»,jThv»nih 1 f>v . Jcii r-i ah »n tlir*' i',lantls iifthe West luciics. 
Hh^*h \va% sitath* .., f . st tht Koval Sovi'‘t> in IS«)1 in cmisifierution of 

h»s til vf 1 iviini' hetJ ai V e ‘ to u.jv ij-ai n a* ..n^l i‘''’'an\ rind latei promoted to 



I'JK M«io a> slioA j'«‘0 '*>’ lOc n*Mir J• »IJitssoV t»v Hlirli ''M *ms rciuin laumcy frmn 

ihc I .«hm f ».l.m J'l. I Ik- 11 m hk<*i v It ii I.i»i. in -in «♦’»’.» t .niil reun nc*I r*» I'.iliii i. T-rntit 
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tUci.'ink t>i'Viee-;uhnira I Altlmiieh Clio bieadfiuits llitivcci in ihcir new 
liie planters' dreams ^<^^laincd unfiiirilicd foi ilie ne^iro slaves did 
m>t relislt them 

ilowevei* imw' it lias nndcrj.*onca revival in the West Indies. Althougii 
not .so popmlar tis in the South St**is. it foims a hasu; part of ihe diet of 
the people til West Indies 

Ciei^igc fvlackariess, bioinapJiei of Hliph. cvnieludcs that wliile at one 
rrioment he ‘could jibuse an tifliccr r<»und1y> in laiijiungc hot and slinging’, 
at the next, hi.s niigci eoolintj; as i apidly as n boiled, he would invite the 
oiTender tt> supper with him. lie never sparevl himsell' in the discharge of 
his duties, p:>osscssed uiumpcachable inteprily, and had a mind capable of 
priividing its own tcsourccs in dinicnll les- ITts chid' fault \v:is an absence 
of tact anti a failure tc5 realise that wouiitls caiisccl by llie swoid may heal 
Iml tho.so caused by a sharp tongint are i eincnit‘'t‘retl fi>i ever 

I SSI IS rr.M I >11 s 

References to Siin.skrit literature, indviding; the Raniayunii and 
Afahahharata^ show that the distillation of essential oils and the prepara¬ 
tion of perfumes was one of the mo.st ancient crafts of India and in past 
she had the leading position in perfumery. In Is/Iiighal Limes the Emperor 
Babar (148^-1530 A O.I was very fond of roses and we read in the Ain-i~ 
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Akbari that he always encouraged the art of prepaiing perfumes and 
scented oils. The Emi^ress ISToor Jehaii used to bathe in water scented 
with roses- For inany yeais Indian peifumes were the rage in foieign 
lands. OueeiT Elizabeth Ci^533-I603 A.-O-') as weil as tvlary, Oneen of 
Scots (1542-1587 AD.) extravagantly used Indian peiTumes. At the 
French Court of Versailles, the King himself supervised the proper blending 
of essences for the royal bath, for which there was designed a differenl 
formula for each day of the year- In banciuct halls it was not nncoinmon 
to have perfumed doves fluttering about so as to fill the room with aroma 
(Fig. 31, and slave girls used to comfort guests with scented fans. J^Tobles 
used to have the horses drawing their coaches annojnted with perfumed 
oils so that the backward breeze brought an aioma to them. 

In the 18th century the export of Indian perfumes to England went 
up to such an extent that the British Parliament rook the mattei rather 



3. Scene showine a loyal t»anquei with pcitumed doves tliittering ii. 
the hail tnclian perrumes were exported in large quantities to IFurope 
during the iiiidcile ages. 

seriously. Very likely quite a few of its members had discovered to their 
chagrin that the lovely creatures whom they had wedded were not all they 
had seemed, and every night each of them shed a good part of her beauty 
much as a caterpillar sheds its skin. The following Act passed by the 
Parliament in 1770 speaks for itself : 

‘That women of whatever age, rank, profession or degree, whether 
virgins, maids or widows that shalU form and after such act, impose upon. 
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• ft! iJt r atriu in. tTi t''. ! ’' i« uiai I un V - n ■ , ^ 'I hi s M .ijcsr \’s sii bjects by the s>«^ent 

..-ntt ofhci M. 1- nit -h^tb in ur tlu* ptmahy of the law in 

apariM \'wiv Jn. i vttf .’.mi hkr u'l h'iT<e:un*m' aiuJ th.if ihtj niamage 
upt’ti C'' n \ K* < 1 r !!> ''h:bl n n’lU am: • "t 

f ut ^ M’ r hn la 1 . 11. 't lit t. 1 ’ K'v 1. *a*\ f 1 It ct t;. a hiia'a cvei y vvoinan 

«T? <t IMS" li. I-* .M h. t.i lab ' .-Vtiv* i>ii.babiy slu* shinild prefei 
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ti j, 4 L;i i-. 1 a I i . • uir S‘»m ii-c-.i a A'l.t, mmc c^^pccially India, is 

riik h'Miii.’ ■ *1 ih-mho Ata'iat diiti*: tn Hindu mythology, 

VttTiw.inut t ,'i t-. " vtiu ti' li.i % t' s IV a I ed ilic* pl.snt tn the 1 1 -in pi'll iii y pen iidise of 
Kiiip I rishankn, and i* bei tine avadaltU* h» the isihiibihints of thi-^ earth 
mtly after the dt*Ntt netunj i »t lli.u paiath'M* Act*ndin^ tu some it is the 
hia\% t>t Kamsttleva» the Ciod nf b»\cM fho Ik- hn t'ccius U\ the 

A.th:ir\a Veda (I,Odd !4.C‘.) aiul sorne nt\;il rannhes ti'-ed the epithet 
‘Ikshwakiih AU:xaiKk i aial f»i > N.diluM*' wcie jierhaps the liisi lunoj^eans 
n> sec sviparcane and wiotc* b.mk ii» thcii liioiuK in Circeee that the 
barbarians artuss ttic Iiidtis a teed from which thes obtained all the 

lioney they wantid tn the 5ih tt‘ntur> AJ>. cantt nidtivation spread to 
Iran, and ni the 7th ccntaiy i»i I*nvp< and Spain. I4y the I6th century 
it had extended evt n to the Nlcv. \V«*r|t1 which Inul been I'ound by 
C 'o In mb Us 

*sjo\v-a-da>s wc lake itie selling vUid hiiyintj M.ii*ai as an i>iclinaiy 
linnet, but foi centuries the only swccieninj^ material known to liuropeans 
was honey When Iniban stijrai tirst became aviiilablo to the West, it was 
Ji prized coniniodily ISation-i <’oiitrivcth sltui'^led, plotted, and Fought 
For trade supremacy in it. 

In 1747 a Oerman sciciuisi, fvlaiyi^^rar. noted the presence t>t sugai 
in the roots of the beet but ru> scrit^iis notice was taken of this discoveiy 
except in Oermany. I>ininp; the days o! Mapoleon, the relations between 
Hngland anti I'rancc were stiained Foi .i lon^' period. While Wapoleon 
iiilc<i (he lami the British Nfavy luid coiiiniand of the seas. Xhc cessatioii 
of maritime trade had a paralysing ctl'cet upon tlic sugiir refineries ot 
Europe which had been importing raw sugar foi’ many years and selling 
the finished product to Germany, Prance and other coumrics. Everywheie 
there was dearth, of sugar. On Ivlarch 25, IKl I, Napoleon issued a decree 
subsidizing the establishment of the beet sugar industry. The beet was 
launched as a new crop in France. The British ridiculed the wh«>lc idea 
and published cartoons in their newspapers. One showed the great 
Napoleon sitting at coflfee and squeezing a big beet root in his cup. In 
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4.: C'^iini H ‘•wovL'f, ihcjrc \s as soni-^ chll'icuhy about the cere- 

Rntuual to bi* ob csnti ui I T-? 1 rh^: < 'h» icvc I mpcior rcfusccl to see 

’> t }u* ctTornoTi}, to ht" piul«uuicd svas called liie '’kotow* 
MkJ'iich k.-id I'f pr t »s!» a l n'tt I'n tho proiuid In tcply it> ilie Bi i lish King’s 
rcq-u'>t {.<1 tiadj I .u‘tl A K'*'. tlic C hu'csc citipcttu S3(ii}''ly answered : "We 
po'. C'S .ill tbaup-^ .uwl ItAve mi use !'<■»« yom va'Utiti v V nmnuriiclvncs.*' 

11. V ^ K* V f r. the \ .i A croinpany. «'vor ready tot protits, continued 

Co tikr’ ,i k * 'a laA foA in exptu K^puini paritv as Ji method of payment 

for >jjk and cc i Aonh (hi*y puichaso^l liom t'liina. lire IJ)uceh in the East 
u^-'A to mix rt svith ihvTir ttboacco and tiien smoke it as a preventive against 
m.d.o i.t. I hi* C'lmicse hml psHiie i-uiu step tiuther and used to smoke pure 
sipiirtn. I ho <‘liin^‘'C c i o\cr n men t w,inte».i to stop vheh.il^ii because of its 
bai.1 elT'ct «.>;» the pei.vpie, aitsl .itso because the i>pmm trade took away a 
lot. of money f'lum thecimntiy. no**.c\ei, it hatl 1 n i le success. 

In liSnO the C ’lainesc C Jovci niucnt issued an edict pi tihibiting all 
utiTiott’v ot tvpiuni. Unwilling to lose its pioilis., the I.:Lst I nd ui Company 
pet sisicil with l he sm ugel ntg of ^»pium into the s oun 11 y ii nd bit bed Chinese 
olHeials tt> overlook (his In 1 Kdl ntatlvM s became wtusc ns the British 
OovsMnmeni put an end (ti the monopoly ol the \ asi Indi^i C'ompany in 
th..* C'hin.i trade, and tltrew it open t.i all British mcieliaiits. 

There was a sutlden incrca'-c in optiim-sinugphng. and the Chinese 
Oovcrruuenl at last djcidcd to t»ikc stion.'t action. In they appointed 

one. Lift Tse-hsu, as speeutl Conimissioner to sujiprcss the smuggling. Ho 
acted pronvptly. He went personally vo Canton ir\ the south, which was 
the chief centre for thin illegal irude. and ordered ilic foreign merchants 
there to deliver to him their cnciic stock of ripiiiin. Since they refused to 
obey, Cin cut tiiern olT in their faeiorics, made tlieir Chinese workers and 
servants leave them, and allowed no food to go to them from outside. 
This vigour and thoioughncss resulted in iho sctvure of 20,000 chests of 
opium. Ctn destroyed all of them and t<.»ld the foieign mcichants that no 
ship would be allowed to bring opiuiri to C-intt^n. If this promise was 
broken, he threatened to confiscate the ship and its entire cargo. Tin 
playctl his part well, but did not foresee the cHect of his pcilicy. 

In the name of naiiona) hont>ur and foi the light of foicing opium on 
China, Britain dccUiretJ war i.>n the country in IH‘10 China could do little 
against the British fleet which blockaded Canton and other places. After 
two years she was foiccd to submit, and in li^42 the Tieaty of Wanking 
laid down that live ports were to be opened to h^icign trade which at that 
tinic meant especially the opium tntdc. These live port.s were Canton^ 
Shanghai, Amoy. Wmgpo, and Poochow. "They were called the ‘Treaty 
Ports’ in which British merchants had the right to ‘reside and carry on 
trade*. Britain also took possession of the island of Hongkong, near 
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Canton and extorted a large sum of money as compensation for the opium 
that had been destroyed, and for the costs of the war •which she had. 
forced on China. 

The Chinese Empeior made a personal appeal to Queen Victoria, 
pointing out with all courtesy the terrible efTVcis of the opium trade which 
had been foiced on China. 'There was no reply from the Queen. Only 
fifty years earlier his predecessor, Cliien L-ung, had refused to meet the 
British envoy. 


POTAXO 

Xhe potato is one of the most important food crops of the world. 
Believed to have originated m Peru and Bolivia, it was intioduccd into 
Spain ill 1570 soon after the discovery of America. About I5B6-15SS it 



Xig 5. NVhfn potato was in'ioduccct into France in the 18th 
century no one liked ft A Fiendiman, named Parmentier, 
planted n lit Id near tlie K-ing’s palace. Xhe field hncl a 
military guard in daytmio to arouse the cunosuv of liie 
people as to the kind of food that \Aas being giov^n for the 
ICing. 

was taken to Ireland by Sir Walter Raleigh. Xhe French gave it the 
name ‘pomme de terre’ or apple of the earth. Xhere was a lot of 
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opp c' tx' ,>.rr.ttoTn fho l<»th an.i I 7Ui centuries iind most 

pMarsons hclct iJ at a,ii atm’s icng,'tli Somti said it cruised leprosy ; others 
<ani.i tt tickets and tiibcrciilosis. Still others 

dcntauuccd 11 <ifi the that it was not mcntiorictl m the Bible. The 

credit soi pi^nnoime poi.itn Lnlinrc in I'rns^ia it> I’recienck the Great, 

fn J 744 he pol.ctc'cs ic» be distnbuied lice .uid compelled the 

pcaH.ttiSs Ut tnUn.-'ic them ntulci threats of ciitiiiii' ofl ihcrr noses and 
ears. TUs* -eao'Us *.'1 v-awsed bs lUv St-ven ’S ears' Wai gave much 

cncautt.ii;»«mcnl to ilie mdustiv. Ifowevei. exen as late its 1774- the hungry 
i;>coplc t>t' Biussia teiccied ;i load sent by l-'ietleiick the Cireal : “The 
tbirnts have iteithct •^nieU nca taslCv not even the dogs will cut them, so 
wdrrit Use aic they n« i. t-ngland was not t.n beliirul in such nonsense 



l-’iB. <». In ihe nindiC ihe ^u.irU svas r<Muuvei.l, urul pleniv •»< 
iiieti and vv*>nioii svent wiili piok^ smO shcivcK to the 

potacn tviSers. 

and one man standing: for election to the J^arhamem used the slogan : 
‘No potatoes, no Popery’, Potato was regarded as the budge of servility, 
utterly unfit for free men and specially Hnglishvnen. Tvfany farmers fed 
potatoes even to pigs and horses v/ith great reluctance lest they may 
poison the poor animals. 
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Tile introduction of potatoes into France was iaagely due to A.ntoine 
Auguste Parmentier wlio* while apiisoner in Germany during the Seven 
Years’ War, was fed upon potatoes and had learned to like them. 
Paimentier planted them on a piece of land obtained from Louis XVT 
(1754-1793) This was at first a sandy waste hut the potatoes turned it 
into a blooming garden, A military guard in full uniform was stationed 
near the field during the day (Fig. 5) but was withdiawn at night, where¬ 
upon a numbei of people came secretly to steal the tubers (Fig. 6'). They ate 
them with relish and planted them in their own gardens—the very object 
which Parmentier had in view. 

At one time, when his plants were in full bloom, Parmentier presented- 
a bouquet of the flowers to the K.ing who placed one in hib buttonhole 
and gave the rest to his Queen, Ivlarie Antoinette (1755-1793). She 
appeared in the evening wearing them in her hair. All the court tried 
to imitate their example. When Parmentier died, potatoes were planted 
on his grave. In England too it was the peers who fiist ate potatoes and 
the common people followed. Hot baked potatoes soon began to be 
hawked by vendois in London streets. It was, however, in Ireland that 
the potato was especially popular and became the stapl<3 food of the 
people. 

In 1778 there was a war between Germany and Austria which is 
commonly known as the Potato W'ar or ‘KLartoffel ICrieg’. Frederick the 
Great invaded Bohemia, and the Austrian army and his own faced each 
other on the Elbe near fConiggratz. Partly because of shortage of supplies 
and partly because of the strength of the Austrian position, Frederick 
realized that the campaign, as he had conceived it, was not likely to suc¬ 
ceed. *Both the Prussian and the Austrian armies thenceforth confined 
themselves to the ‘potato-war"—that is, they consumed the resources of the 
enemy’s country, till the cold weather set in and forced them to terminate 
their inglorious campaign by evacuating Bohemia’ i^Cainbridge Alodern 
Histcfry, vol. 6 : 706, 1909). 

In Cromwell’s campaign against Ireland, the potato played a 
different part. After subduing the chief urban centres, the invader wanted 
to punish and overawe the peasants by sending harassing bands to 
villages. Here the potato proved a source of great strength to the Irish, 
for the underground crop still remained intact when overland crops were 
open to destruction and loot by the soldiers. 

m-.10Jh£XS. RUSTS ANO IVIl LOEWS 

As already mentioned, the potato enjoyed special popularity and 
became the staple food of the Trish people. However, this d.ependcnce on 



( , It * ‘ f. ■ T * f r J 

Hi ^ s. ffft p \i?[: •' . v‘ Te ‘ . ■*,. r ‘-r • sr.-f and sufTcring. There 

»4 tc'( • f i.” - J '3 fe ] ;-v .uul au.jiu lu lK46. FiUher 

. . t .,’■» j> '."? ■ ' ■> ”' *• *< • "' 'li < r die last month (July 

’.ft: 'i. I tied pLtiit bloomed in 

n 1 ' •*“! V- .r -k'i .<'t > le ‘ .' ■ b t t a K ef 11 • 111 • ‘r on the t h i rd inslant 
( \ >. a I ■' f' M h -o! -4'- •• vs., \* vv i-.fc peiiMying vegetation. 

I \ p',. d:'‘ \\ ^ vseT»* vStte I on the (Voces of their 

dr'v ,-ia t: b'"» '.*4: ..v ^ 'ip th- iis Ita id 4 . .j;;,! a .ijIiuj*; biUci ly the destvuc- 

ti-iv J -Ih.-l h o*. (4, 1 4 d;; 5 ji K * 

Niob 'dy i.ot‘v. the 5 .-at :• tiio ib»i* l.iihue t'f the crop. Many 

h'beved it f i b- .1 --i. y ' *' • '.-ix <i.il i»> p;i«n-^h the. sins v^^ the people. 

<)n.“ I? nt V 51 ‘ 'A.t» d i‘ t*> soK.viiic uvTlion vsithin the 

e.sitli CKht-i liic- so t'b, 1 t indh'v, the eililor tif the C7tirdc‘ncr*s 

h' of I-oi doo. ss o :* ..mu u' I the uhVi-icvi leaves \indcr the 
lU'CMi ■ I op..-, seti'oslj, rod tie t\j- ,'.:x to be ,ui eser c'.cenct*. rr<iiTv diseased 
tissue .lud T> It th.' c.iu-e oi u. \ iuT piue .*i p.-u'»r.»uce \s as icriible. *‘\ViVh 
s’iirthtii* rapabtv, slant.*}‘e pu. td t*' J'anmu*, liiiuine lt> sbiiViVtion, and 
Aiiirvatiou to tbsiih. whadu d it bMuieht pe;»v.c ti> its clcsd. avienicnlcd the 
jsulTcrin.tt oT dtc‘se it sp.uctl." tSah*niai», Ib p ). 

In thcii helplessness m mv «-»f' the lii-h j^cople eimytrated to the United 
Staie.s. As Salain.ui savs in his butik on the r>r/im i‘f rhe Pidoto the 
cmigriutls car ricd wiiJi them *init» tltiMf nesv blV oviuscas an insetted love 
oT itteir old Ivornj-. in the feirni of a vlcep tineer aiu .1 a hitter hatred of 
Xingland, U> whom they ascf'jbc%J iu>l tmly ihe oh.l hisbuie licvanccs, but 
the cruel niisfcirluncs which hatl ovciiaken them in ct>nsequcnca of the 
potato famine'. 

Tt,i niieniion anoihcr example, at one time CidTce cuTlivation was 
to Ceylon what niai.^c is to bJi-mh bJ.S.A. or \she;u is to the Punjab. The 
liille island had taken to this crop ssith iiicat cnihinsiasm and was making 
pood prol'ils through it. Tn lH(i9 M. .J. Berkeley desciihed a pretty 
inicrc'scopic fungus on .some colb'c leaves rccoiwd from the Botanical 
Gardens at Peradeniyu and nanicHl it //<'fntJr/a, At that lime neither the 
planters nor the Ceylon Cxovcrmncni bollurcd. but vvilliin the next 10 
_ years the oiscasc .spread over the whede i>.laml. The fungus did not kill 
the hd.'^si outright hut ilicre was a iiec|iicnt shetldinp the leaves so ibat 

the pi oduc' live capat ily of tb.c plants was red need to less than half. The 
Ceylon Ot'vc ,iriimcni now woke up and wrtitc to lingland for help. In 1880 
iVic authovitics tp K.cw iccommcmlecl to them the services of Tl- rvIarshaU 
Ward. He made nihoiough study both in the field and the laboratory 
it was abfe.idy loo lale lo stive the cofToe. The prodndivily of the 
yirees continue yi to go down. It was a losing bailie and coXTce cultivation 
longer rc'^niauied prolitable. Ruined and discouiaged, the planters 
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turned to quinine, rubber, cocoa and finally to tea. The centre of coffee 
production shifted to Brazil where sometimes there was so much over¬ 
production that the coffee berries were burned to keep up rhe prices. 

The cloves, that wc use in cookery and to sweeten the breath, are 
the dried flowerbuds of a tree known as Sy^ygium aromaticuiri belonging 
to the guava family. Shredded doves are often mixed with tobacco to 
make scented cigarettes, and the oil is used to make vanillin, a substitute 
for pure vanilla. Formerly most of the cloves of the world came from the 
Tvlolucca Islands and the Dutch held a monopoly for many years. Tatar, 
the plants were grown, in Ivlauruius- One of the Sultans of Zanzibar 
introduced it into his kingdom and the adjacent Pemba. It is these two 
islands which now supply SO per cent of the cloves of the world and for 
many years they have lived largely on the export of this flagrant 
commodity. During recent years the clove industry of Zanzibar has faced 
grave peiil because of the so-called *sudden death* disease. 

Then consider the cocoa industry of Ghana. The first fruit of 
Theobroma cacao was imported into the countiy and the owner could sell 
each pod for more than two dollars. Later the industry began to grow. 
During the five years fiom 1892 to 1896 the total production was only 
12 tons, but in 195 1 it had already climbed to 2,75,000 Ions. During the 
last ten yeais the crop became afflicted by a disease called ‘swollen shoot*, 
which IS caused by a virus and sptcad by an insect Icnown as mealy bug. 
The eastern part was the worst affected and it was believed that the disease 
came from Togoland in 1930. It was feared that the cocoa iiidustiy of 
Ghana might have the same fate as the coffee industry of Ceylon. When 
orders were given to the farmers a few years ago to destroy the infected 
trees and burn them, they at first refused to do so. However, the govern¬ 
ment acted with vigour and firmness. The disease subsided and once 
again cocoa has had some big booms. 

THE INDIGO SATYAORAHA 

Dyes have long been used to (1) ward off evil spirits ; frighten 

enemies ; and C3) to make oneself more attractive. The world would be 
a drab affair without the multicoloured dicsses of women and the neckties 
of men. ICrishna and Baldev were called ‘nilambara* and ‘pitambara’ 
because of the blue and yellow dresses they wore. In. the Alahabharata 
we read about Prince XJttara removing the colouied dresses of the 
ICauravas after they had been rendered senseless by Arjuna- The mummies 
in Egyptian tombs have been found clad in. clothes coloured with indigo, 
madder and saffron. In the Bible there is a reference to the coloured 
dress of Joseph and how his brother envied him because of it. 
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Indiyo wiis the king of all ancient dyes and was txiing grown m 
India from times sramemoria.]. Xhe dye was greatly in demand by the 
Greeks and. Romans A.fter the Roman empire bioke up, indigo as a 
colouring mutter was lost to Europe foj centuries But the Outch re¬ 
introduced it in the middle of the 16tli century and Bengal became the 
chief centic of the indigo industiy Jn 1631, on a single day, three Dutch 
ships took some 333,000 Ih of indigo from Inditt to hlolland. None of 
the Europeans had any knowledge of the source of the dye and even till 
1705 they thought that it came fiom mines. 

When the British occupied India, they found the oiop so profitable 
that some of them estiiblished themselves as landlords in order to cany on 
the trade in indigo 'Fhey exacted fiom their tenants many kinds of fines 
and ‘begar* (forced laboui), and. Icsued a tax on every marriage, hearth 
and oil mill. If the sahib needed an elephant or wished to pay a visit to 
the hills, the tenants had to bear the cost. "Fhe peasants had to grow 
indigo on a fixed propoition of the land they rented and this was never 
less than 3/20 of its aiea (the so-called ei/t’-kafhiya system) The planters 
also hxed theii own price foi the crop. When labour was hired, the 
wages were on .starvation level—10 pice for a man, (> pice foi a woman 
and 3 pice for a child, working nearly 11 or 12 hours per day. 

The tenants found conditions so difTicult that sometimes they lefused 
to fulfil them. However, the British Government, which was more 
interested in the landlords than the tenants, passed si^ecial laws to terrorise 
the latter. Any cultivator, who was audacious enough to defy the 
planters, was harrased and subjected to all kinds of cruelties. His house 
would be looted, crops destroyed and stray cattle let loose on his lands 
He would be dragged into false cases, made to pay fines or even beaten 
up. Sometimes, in sheer despair, the cultivators revolted and killed a 
planter or two. However, they were no match for the organised strength 
of the planters with the British Government behind them. Repression 
would be let loose and every revolt only worsened the peasants’ condition. 
The late Dinabandhu Ivlitia wrote at that time a Bengali drama known 
as Nildat-pan depicting the inhuman oppressions to which the cultivators 
were subjected. The man who tran.slatc<l the drama into Hnglish lost his 
job ; the planters denounced it as grossly obscene and libellous, and 
the printer. Rev. J Long, an English clergyman, was promptly prosecuted. 
He was sentenced to pay a fine of Rs. 1,000 and to serve one month’s 
imprisonment. The fine was paid then and there by one ICali Rrasad 
Sinha, a citizen, of Calcutta. 

Meanwhile Peikin (1856) synthesized indigo in England and the dye 
industry was developed to such an extent by German chemists that indigo 
plantations became unprofitable The planters now adopted the expedient 
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of freeing their tenants from the obligation to grow indigo but charged 
them an enlianccd rent or gave the land in return for the payment of a 
good sum m cash 

In 19 14 World War I broke out in Europe and the iinpoit of foieign 
dyes stopped. The piospceis for indigo brighicned, and the planters again 
began foi cing the tenants to gi o\v / 

indigo. Partly duo to this and 

paitly due to the damage cau.sed _^ ^^^’'' ''7 

to their economy by the war, their 'Sr- 

condiuon became more and des- ^I \ ^ 

perate, and the situation wa.s ('’ 

brought to the notice of Mahatma '/^ 1 

Gandhi (1S69-194 8) .soon af'ter he \ 'A 

returned from Africa to India \ f V 

The Lucknow se.ssion of the A i 

Indian Nalional Congrcs.s adopt- \ J 

ed, in 19 16, a resolution of syni- 

= The inJitio ir.iUe had such an divor.se 

pality Wlln the pcas,ints on the eircct «n ihe life nr the pe,is.ml.s of miiar, that 

indico plantalion.s tit Cham ran ttn M.thaim.i Clandhi si.tiied Jns hrst S.ityugraha 

. _ ... t , niovcnient at CThaniparan in 1917. 

at tlie foot of Bihar Himalayas. A 

villager, who attended the congress, went afier Gandhiji from place to 
place and succeeded in bringing him to Champaian for an inquiry that 
made a tui mng point in Gandhiji’s career (Fig. 7). Gandhiji agieed to 
conduct the inquiry with the late Dr. Rajendra Piasad tLalcr Piesident of 
the Indian Republic) and Mahtldev Desai as his helpers and a.ssistanls. The 
Commissioner sei ved him a formal notice under ihe notorious Section 144 
of Ihe Indian Penal Code, requiring him to leave Champaran. Gandhij'i 
refused to comply and was put on trial. He read a statement in the 
court saying that his presence could not possibly distuib the imblic peace 
and that his sense of duty bade him remain where he was. This respeciful 
bul firm defiance took the magistrate by surprise. The Lieutenant Governor, 
Sir Edward Gait, oidercd the case to be witlidiawn, and made Gandhiji 
a member of an official inquiry eoimniltee. This committee stood up for 
the peasants. The planters had to repay one-fouith of their unlawful 
exactions, the tm-kathici system was declared illegal, and land revenue was 
reduced. This was Gandhiji’s fiist act of civil disobedicnct? on Indian soil 


F'i’K. 7 Xhe iratio lijul such an diverse 

olFcct on life cifthc ptMsanls of r5»hai% that 
M«ihutni.i Ciandhi sl.tiietJ J^is Salyugr<iha 

nufvernent at CTiaiinparan in 1917. 


and he immediately became a nalional hero. The Champaian struggle 
was a sort of small scale rehearsal in the technique of Saiyagiaha. Bigger 
things were to follow. 
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COrrON, MPORO KI-AVI-RY, f awd itmuia 

Amoiit^ the mo<4t hiteiesting cliscovoi ies in the excavations at 
tvlohcnjodri ro (Wow in West Pakistan) t3,000 13.0- '^) were some pieces of 
silver wrapi'^ed in a fabric which was found to be cotton, the counts of 
yains ami the structijr <2 <if the cloth inchc-tiling the attainment of a high 
degree of skill in the arts of spinning and wc iving even in those distant 
limes. 'I his itchievement may well be considered iis more noteworthy than 
that of the Egyptians who were using the much longer stem fibres of flax. 

Herodotus, the Oreek historian and traveller, wrote in 445 E-C. that, 
‘there are trees growing in India, the fruit of whicli has a wool exceeding 
in beauty and goodness the wool of sheep’". Some writers concocted tales 
of a lamb sitting inside the fruit- nThc Oiceks learnt of the cotton plant 
through the group of explorers who accompanied Alexander the Great 
and his immediate successors. TProm that time onwards the cultivation 
of cotton, its use for the manufactiuc of various fabrics, and their dyeing 
and flnishing progressed steadily until in the Middle Ages the fame of 
India’s cotton materials spread far and wide and she had a roaring trade 
in them not only with the adjoining countries but also with far distant 
lands through Venice. Marco Polo mentioned the Goromandel coast as 
producing ‘the finest and most beautiful cottons in thewoild*. The softness, 
fineness and beauty of the Dacca muslins is legendary. It is said that 
when such muslin was laid on grass to bleach and the dew had fallen, it 
was virtually transparent. A whole garment, could be drawn through a 
ring. There is also the oft repealed story of a Moghul princess who was 
putting on seven layers of musim and still the contours of her body wero 
so visible that she had to be admonished by her falhet. 

Those glorious days were followed by a period of decline during 
which India’s textile industry w'as discriminated against by the East India 
Company and later by the British Government. The revival came only in 
comparatively recent years. 

India was, however, not the only country which grew cotton in the 
past. In the New World also cotton fabrics have been found in ancient 
Peruvian tombs. The Spanish discoverers of the Americas found cotton 
in the region from the West Indies to Mexico, Briii'il and Peru, and in 
some of these countries the art of making cloth was liighly developed. 

The intioduction of cotton into the south eastern Jiica of the U.S.A. 
came much later. In 1621 some seeds were planted as an experiment and 
a coarse cloth was manufactured on a small scale towards the end of the 
century. In another hundred years this textile furnished most of clothing 
of the poorer classes in the southern states. In 1747 some cotton was 
exported from America to England. In 1794 came Whitney’s invention of 
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the cotton gin whicii gave a tremendous impetus to tlie cotton industry. 
Hencerorlli, cotton became an important ciop in tire. VJ.S.A. 



the U.S A., help in (he cultivation of cotton and sugarcane. 

Jt is lo this extension of cotton cultivation in the XJ.S.A., that tha 
negro problem of America must be traced- In the cotton growing areas 
the summer temperatures are rnlber high and there was an obvious need for 
cheap labour was necessary to bring more profits. The American Indians 
were a rather independent type of people who refused to co-opeiate with 
their white conquerers. Since a good proportion of I he cotton for the 
Lancashire mills went from the southern states of the TJ,S A., British 
ships found it a profitable business to capture negroes from the West 
African coast and sell them in America for work on the cotton fields 
(Pig. 8), To economise space and transport of the largest number of 
negroes, the ships were specially made with galleries between decks. In 
these the unhappy negroes were made to lie down, all chained up lest they 
may try to escape by jumping into the ocean. The space allowed to each 
was five and a half feet long by sixteen inches wide. Later they also 
captured negro women and the State of Virginia made special efforts to 
breed negroes, for this was cheaper than carrying them across the ocean. 
Towards the end of the 18ih and the beginning of the 19tl2 century as many 
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as 100,000 slaves were carried, every year f'ron'i the African slave coast, 
tiaving discharged their human cargoes, merchants loaded iheir ships with 
tohacco, sugar, rum and molasses and returned to England. 

LDifT'cionces arose about 1H30 between the Worth and the South with 
regard to the .slave trade and the legality of slavery. Apart from 
slavery their economic interests were also diffcicnt. In 18(0 Abraham 
Eincoln (1802-1865) was elected t^iesident of the U.S A. He was opposed 
to slaveiy and his election was a .signal for the South to break away fiom 
the Woith. H.C tried to bring about a compromise but failed Eleven 
states of the South bioke away from the Worth. Lincoln refused to 
recognise the light of any State to withdraw fiom the Union and a Civil 
War followed in 186 1 All the early victories went to the South, but the 
Worth had much greater resources and in 1865 the South had to accept 
defeat. Xhe negroes were made legally free and although incidents still 
occur sometimes, generally their condition is leasonably satisfactory and 
no worse than that of many untouchables in this counliy. 

In the Old World the import of cotton chuh fiom England into 
India was one of the principal reasons An the .stiained iclaiions between 
the two countries. England took raw cotton from this countiy and sold 
the finished product to India. Lanccishirc grew f.it, while Iho Indian 
peasant became poorer and poorer. Oandhiji, wiih the spinniiig wheel, 
emerged as a world figure, and the boycott of British cloth made the 
occupation of India unv>tofitable. 

The Europeans came to India because of'it.s rich plant resources, 
particularly spices. When spices were no longer so imporuvnt, it was still 
profitable to retain India as a market for Biiiish goods. Once India 
refused to buy them, it no longer remained the gold mine it was. Gandhiji's 
method was simple but sure, and India gained its independence in 
IQ47. 


REOENT 'IIMES 

In recent times everyone will remember that the chief reason for 
military agression by Germany was not so much the rjchcnsrcium or 
living space, which llitler spoke of, but a consuming dcsiie to occupy the 
wheat fields of the Ukraine and ceriaiii other areas to obtain more food 
for liis crowded population. A major reason for Japan's Blity;kricg tigainst 
Sumatra, Java and IVlalaya was her desire to close these, the world’s most 
important rubber-producing areas, to the western powers and thus stop 
their supplies of a strategic material in war- Along with rubber, also went 
cinchona which was needed for the manufacture of quinine. This too was 
an important commodity for soldiers fighting in malarial areas. 
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CONCLUSION 

In ancient times wars were fought for women. Sita, Helen, Padmini 
and Samyukta are well-known examples. Later they were fought for the 
spread of religious faiths. In the sixteenth and seventeenth centuries gold, 
spices and peiTumcs made history. Present day wars are not fought for 
women, or religion, or even gold, but for cereals, rubber, petrol (a plant- 
animal product), coal, iion ore, beryllium, Ihoiium, etc. Who knows that 
in future also the desire of countries and nations to control plant and 
mineral rcsouices may lead to major events in the history of the human 
race ? Indeed, plant power is world power. 
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P. s sarma 

Intiiait fustiliifi’ of Sciouve, liunaciloro 

Biochemistry, wliicli may be defined as the chemistry of life processes, 
though relatively a new branch of science, has assumed considerable 
importance tn recent ycais. Xheic are several reasons for this phenomenal 
development of this branch of science. lliindicds, if not thousands of 
scientists, throughout the differ cut parts of the world have been engaged 
in the study of biochemistry of rrucroot ganisms, plants or animals. 
Biochemists have developed new tools for research, particularly by use of 
radioactive isoropcs, and have studied a great deal about life processes 
both at the molecular level and at the level of organisation of diRFeient 
kinds of cells. The award of IMobcl Prize in chemistry and m medicine to 
biochemists in recent times is a further indication of the enormous develop¬ 
ments, whiclt have taken place in this field of science and the tremendous 
impact of these developments on human welfare in general. It will be an 
impossible task to give in any detail, the innumerable ways in which this 
branch of science has been of immense service to mankind. I shall, there¬ 
fore, endeavour to illustrate with a few extimples based on personal 
experience and on the experience of my colleagues’ lesearch work in the 
Biochemistry department of our Institute, the tremendous impact of this 
branch of chemistry on human welfare. 

DNA and RNA 

It has been known that hereditary characters are passed on by 
thre.ad-like structures called chromosomes. In niulticcllular organisms 
nearly every cell has an identical, complete .set of chromosomes usually 
located in the ceil nucleus. Chromosomes are themselves made up of 
smaller units called genes, strung out along the chromosome like beads on 
a string. Each gene is responsible foi a distinct hereditaty characteristic. 
A single chromosome may contain thousands of genes. The genes are too 
small to be seen even with the aid of a microscope. 

A geneticist, Morgan, had discovered that cells m the salivary glands 
of the fruit-fly larva contain chromosomes of great size. When suitably 
stained, they can be seen under an ordinary microscope. Geneticists 
observed on them light and dark bands. These bands had been identified 
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as giant genes. But, no one knew what genes were, physically and 
chemically, and how they functioned. These questions could not be 
answered so long as the experimental material was the insect. 

In 1941, Beadle and Tatum earned out experiments with the common 
bread mould called I^eurn^pi^rct, wliicli could bo cultivated in a simple 
medium. They proceeded to knock out one or more of the genes by ex¬ 
posing cultures of this organism to X^-rays and li» study the behavioui of the 
organism. They showed that genes control cell clicinistiy and that there 
is a growing gene for every chemical reaction taking place in the living 
cell 

fhe work of Beadle and Taluni—they weie awarded hJobel Prize — 
established the essential nature of what gci\es do, but not what they are. 
This was finally revealed by studies on another microorganism— F*neunta- 
coccus^ which is responsible for biiclei ial pneumonia- Oolonies of this 
organism growing in a culture dish ordinarily look smooth and glistening 
to the naked eye. Fliis is due to the organism’s wttxy outer coat- Occasion¬ 
ally, however, colonies of JPneinnocaccits without the waxy coat are found. 
These appear to have lOugh surface. Oicat interest was taken in the 
coatless pneumococci when it was discovered that they were non-virulent, 
i.e. unable to cause pneumonia. 

When the virulent, coated organisms were killed, using heat, and 
were placed in a culture dish along with the non-virulent, uncoated ones, 
surprisingly the uncoated organisms regained ihcir coats and became 
virulent again. It was strange, that the dead microbes altered the live 
ones. The puzzle was cleared up by the work of A.very, Macleod and 
TVIcCarly at the Rockereller Institute in "Mew York. They showed that 
gene mateiial passed from the dead to the living organism. When extracted 
and purified, the gene material proved to be a compound known as 
deoxyribonucleic acid or IDNA.. 

Later work has shown that cells contain in addition to I3NA, a 
compound called R'NA. (ribonucleic acid). RIMA and D1MA resemble each 
other closely ; chief differences me in some of the building blocks from 
which they are foimed. TDuiing the last ten years our knowledge of this 
genetic material has considerably improved. In 19.59 ICornberg was 
awarded the T^Tobel Prize for incdiciitc for his discovery of the enzyme 
responsible for the synthesis of DNA, Last Oecember, Crick, Wilkins 
and Watson were awarded the Mobcf Prize for the discovery of the 
molecular structuie of ONA and establishment of the ‘biological code* for 
the formation of enzymes. This work is now exerting a profound influence 
on biochemical and biological research, especially in the fields of nxolccular 
biology and heredity. 

Medical specialists believe that this new knowledge of the chemistry 
of genetic material is likely to be useful in the study of the cancer problem. 
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V'ltamin.'S 

Although inodern biochtjiuistry hus much to do with the investigation 
of the chemical changes that take place in cells and organs of the body and 
in extiacts and preparations made from such tissues, thcie is a bianch of 
enquiry important to hiochemisti y, no less than to physiology, in which 
the living animal inust be employed. "Jfhis is the study of nutrition in its 
general aspects. Hopkins, iiatfa centuiy ago, working under circumstances 
at which the average student today would turn Uf) his nose, discovered 
the stimulatory cfl'ccts of minute amounts of certain substances on the 
growth rates of animals fed on specially prepared diets. Xhese substances 
he called necessary food Tactois but we know them now as vitamins. Such 
substances arc now available in highly concentrated or puic form. Many 
of them, tlirough the brilliant work of the organic chemist, have been 
synthesised and they aie on the market for all to consume at competitive 
prices. Every child today knows about vitamins. Ouring the war, in 
England children weie given free fruit pieparatiuns to ensure a suOiciency of 
vitamin C. The balanced diets that form an important fcatuic of rationing 
schemes in times of war, are so arranged that vitamins aie well rej^irescnled 
and in proper proportions. 

Are we sure of the entire therapeutic value of the vitamins ? Have 
they wider application than in conditions which arc clearly recognised as 
deficiency diseases and which fortunately, today, in view of our advanced 
nutritional knowledge, are relatively rare? Clinicians aie apt to reserve 
judgment heie, but there is a conviction that nuiiitional deficiencies play 
a laigerpart in the causation of disease, or in the failure to resi.st disease, 
than has hitherto been consideied possible. Vitam m-thci apy has a very 
important future. Moreover, we do not know what further vitamins 
there may be to add to oui growing list. The story of the cautious grocer 
may be recalled in this connection, who in advertising a new food product 
to the public stated that it contained all known and unknown vitamins. 
Such combined caution and optimism surely indicated good business ability. 

The biochemist, however, is anything but content with knowing what 
vitamins arc ; he wishes to know what they do. They aie effective in such 
small amounts that their biological activities in controlling chemical events 
in the living cell arc enorinous. Orcal advances have been made in recent 
years in our knowledge of the mechanisms of action of some vitamins 
but the position is far from being satisfactory. We have learned some¬ 
thing of the mode of action of panlotheinic acid, nicotinic acid, pyridoxin, 
substances belonging to what is called the vitamin B group, but we have 
practically very little knowledge of the manner in which vitamins A, C, D 
and others play their roles in supporting normal health. 
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Control of Disea.so Procc'ssos' 

The task of biochemistry is to explore iill the mechanisms taking pari 
in the Jiving cell, to discover ihc mtcr-relalionship of all tlie chemical 
changes that resLilt in the life of ih.5 cell anJ lo desciibc in objective 
chemical terms how srich subsinnccs as iiutiicnis, vitamins aiicl liomiones 
intrude into the chemical events of metabolism. Such processes embiace 
ail the building tip and breaking down that goes on in the cell., The great 
majority of processes involved in mcttibolism arc catalysed or contiollcd 
by enzymes. The enzymes me organic subsuinoes of complex structures; 
they are pioleins ih^itcan be sepaiatccl fiom the living cell and examined 
instates of great purity. Many of tlicmi can be crysuil hzed. "1 hey are 

biological catalysts of great activity and specificity of action. It will 
illustrate tlie ellictency of biological catalysis in general if it is remembered 
that ail enzyme preparation may change in one second at room lempciaturc 
anything from 10 to lOOO times its weight of the substance with which it 
IS in contact, and to winch it is specifically adjusted. Innumerable 
quaniitativo studies have been made of enzymes and their action, of the 
velocities of the reactions that they catalyse, of their varying aifinitics and 
associations and of the range of their inllaencc. Such studies give us the 
information that enables us to control ilicir activities. 

The advance of years lias made it abundantly clear that in the very 
many ills that afTect mankind, studies of the chemistry of the body and of 
the underlying enzyme activities are playing un increasingly important 
role, both for an understanding of the underlying causes and for, what is 
more important pci hups to most of us, their successful treatment. 

Many aspects of medical service, whether they deal with diseases due 
to nutritional deficiencies or to hormone defects or to congenital dis¬ 
turbances, or witli diseases due to impaired sugar, fat or pioiein metabolism 
or with diseases due lo the invasion of microorganisms, or with the bodily 
manifestations resulting from lack of oxygen, or the investigation of 
poisons—all these are inevitably linked vsilh biochemical phenomena 
who.se study is essential for their understanding and control. Enzyme 
activities arc at the basts of all these phenomena and it is for lliis icason 
that enzymology^—the study of enzymes in all their aspects— is playing an 
increasingly important pail in modern medicine. 

One or two examples may be considered of how fundamental studies 
ofenzymes have enabled us to approach certain disease problems and to 
formulate a rational way of seeking new drugs. 

Although enzymes exhibit an extraordinary specificity of action, it 
was realised over 30 years ago that they may have a high affinity lor a 
large number of substances, only one or two of which, by leason of ilietr 
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specuil cHeimcal physical char^ictet isii<‘s, arc 4il>lc lc> bicak down and 

thus entci the ohs'.aiical acuvitios <,>t' hvin^i; ct.ll 'T’licse substances that 
liavo ii hiyh ;\.ninity f*)r the enzyme but winch aic not broken down, can 
comp te wuh the sub'iUutccs tiiat uie biokcn tlown it they liapi>cn to b© 

toi*^ tiller- fbo elToi't ot such admixt u i o i-s, thcicfoio, to dirniinsh. the 
activity of t)xc cn-/,ynie towaiils its snbsnatc. liu'. nieic atklilion to the 
nutiiciits ot livinu cell ‘>r ;i siibstunce clusidv udateti ni chouiical stiucture 
to one of the untTionts will have the c.iVcct t>t* the staivinij; ihc cell of that 
nutrient. This is simply because the :uhlcd siil>st.ince combines with the 
enzyme att iiekirii^ the nuliient. It drives this oil' and inserts itself ni its 
place. Since the added substance by itself has no iiutiient value, as it is 
not broken «.lo\vn, it ads tis a poison to the coil, prevciitni^j; llic ctiy^yme with 
which it combines iittackiny^ the nee<lecl niHrieiiL. It. iheiefoie, ineverUs 
the cell from ol)t;iininrf the energy, or new cell ctmstit nen 1, tliat it icquiies 
for its normal healthy activity A. process of sclccuvc: cn* spiu'dic staivation 
of tl\e living cell of tt puvtieulai t\>od that it ncetls thus takes idacc. 

This of competitive inhibition of enzymes-, by what aie 

called nowadays the chemical oi stiuctmal analojuu s of cell luitriciiis, was 
known about 3*^ years ago. Vet its jiraetical sigiuiicanee was not realised 
until aftm several years. At that lime it vv..is kmusn that ii din^ called 
sulphanilainidc vvould prevent certain highly inlVciiiuis microoj ganisnis 
such as Streptococci from growing in ilaj human and animal body. But 
the mode of its rioiioii was not known. It was then I'ound tlint a ceitain 
substance called piiinino benzonic acid or PAB for shoj l, would iieutialise 
its action and it was icalised iltat the snlphanilainide was woiking because 
it was a stiuetural analogue of the siib.stancc BAB. It was in fact efTccLive 
as a baotetial inhibitor, because it combined with an enzyme which con¬ 
verted a nutrient, PAB, into an imptnlant cell constituent necessary for the 
life of the microbes. The sulphanilamide acted as a. cr^mpctitivc inhibitor 
and starved, by reasons of its closeness of clicinical stiuctuie lo PAB, the 
microbe of the PAB it needed. 

This discovery made chemists imniediulely iiw.-iie of the significance 
of the pi ineiple of competitive inhibition in the ticatment of disease, A 
huge scries of sulpha dings was made and tested fc^r bacterial iiihibilive 
power, and some of the more cflective t>f these have been on tJie market 
and have been of great medical value. 

Several ycais elapsed before the piactical signilicance of the principle 
of competitive inhibition in the field of medicine was made apparent. This 
delay in appreciation is by no means unusual in biological science. The 
role of the pancreas in diabetes was realised in 1889 ; yet it was not until 
1922 that insulin , extracted from pancreas, was used for the treatment of 
diabetes, Pencillin was detected first in 1929, but it was not until after 
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1940 that it was U'»ed as iinlibiolic, Tt is quite likely that thcis of major 
importance arc being cicscrihccl today whose practical significance will not 
be appreciated f or ycais to eoiiie. 

Within the last few ycai*^ tlics potent siiiiibiotics, mostly pi od nets of 
the life processes of fungi, have sprung unexpectedly among us. 'I’hcy 
represent sulistances whose mechanism of actum still, for the most part, 
eludes us. It is the task of the biochemist to discovci how they woik, to 
find out whether luoie powci fiil and specific dings can be nirideIncxiii 
them, and wheihei they give the clue to the nature of as unknown 

chemical ptoccsses in the susceptible cells. 

Two antibiotics, morellin and guttifciin, present in the Mysore 
Oambope ticc Iiave been isolated and shown to be inliibitoiy to many 
bacteria. JS/loiellin has been used successfully for trcjiling septic wounds, 
boils and ulcers in hospitals. A. new species of Strc'j>tiit7iyrcx isolated fiom 
the soil has been found to produce substances detrimental to many moulds 
and fungi, including those that cause skin disease.s 

Agriculture 

Apart from the obvious* importance of biochemical knowledge mod 
advances in the nutiition of livestock and dairy animals, and the wealth 
of data that is now accumulating on the effects of feed supplements such 
as the vitamins, or hormones and even antibiotics, on the growth of 
animals, theic is now a lively appi cciaiioii of the importance of plant 
physiology and biochemistry in agricultural practice. It is not so long ago 
that the principle of replacing artificially the substances removed from the 
soil by ciops was given a scientific foundation and is now' followed by 
every progressive farmer. The need of a plant, for its normal iiutiition, 
of nitrogen fin the form of nitrates or ammonial or of phosx^liate of 
potassium is so well recognised that every farmer applies his blPK, feitilisers 
as a matter of routine Perhaps the story may be told of the farmer who 
had woiked for years on a land that looked rich but lacked potassium. 
He came to see a demonstnuion of the e0'ects of potassium on a cioi^ of 
corn at the IDinoi.s Agricultural Experinicnial Station and brought with 
him his wife and childieii. 

‘As he stood looking first on the corn on the treated and untreated 
land, then at his wife and children, he bioke down and wept. I-ater he 
explained to the superintendent who was showing hini the experiments that 
he had put the best of his life into that kind of land’, ‘The land looked 
rich’ he said, ‘as rich as any land I ever saw. I bought it and drained it 
and built my house on a sandy knoll. The first crops were fitiiJy good and 
we hoped for better crops, but instead they grew worse and. woise. 'We 
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i.U'v»-<l what wo c<mlci on a small patch of siin<ly land and kept trying to 
find n^Lil wliat uc couUJ j;in.>vv on this bkmk hocus land. Somcun-ies I 
Uelpeti (he nciehhoiirs anti ^ioL a hlLlc money, bin my wifo and I and my 
oUler chihlrv‘n have wasted ivventy yeais on this Kind. Po\ertv, poverty 
aWv^lys lliiw%vas I tii kne»\v that this simple .substance which you call 
pot.issiunt Nvas all wc needed rt> m.ike this l.irul productive an.l valuable?* 
O.'riciencv i-liscascs of plants, i e, diseases due lo lack in the soil 
of %^arions miniei\il elements nce<led hy platils for their optimal growth 
and nutiilic'in ate now well rccotiinscd and the meilitids of treatment are 
known. 'I'he so-e illed trace dements, m in^ianese, V>r>ron, molybdenum, 
only so calletl because the pKints need litilc of ibcni--but yet that little is 
so vital for healthy growth of cia^ps —aic knowit n^day to be as indispens¬ 
able as the familiar N PK. for ihc maintenance of soil fertility. The 
mieltanKnis of action of some of these substances in tlic plant cell are now 
being understood. What is equally iniporiunl is ibai we aic now beginning 
to uitdersiartd how these substances um.Icrgo a bi<'>cheniical cliange in the 
sod itself by the microoi ganisms there, and thai much depends on the 
chemical cvetits in the soil, whether the manganese non, for example, 

are m ch.^ proper form in the soil for ahsi^iption by tlie plant toots, 

'The soil muse be recognised as a vast living sysicni, whose biochemical 
study Is of as great ti practical iniporiancc to man as ilic study of the 
animals and plants 

fne/u.s/ry 

Biochemistry finds appUcatic>ns in industry also, such as fermentation 
and dairy industries, in the fnstittiic here, improved .si rains of yeast have 
been produced, in which their chromosomes were doubled artificially. 
Some of the mutant yeast ate of practical importance in the fermentation 
industry. 

During NVorld War II, a considerable amount of industrial work was 
undertaken in the Institute, c g., tlic preparation of calcium gluconate, 
difTercnt gland products, animal rennet and commercial pancicalion. A 
suitable method was developed lor the trcaimcnt of the cncirnious quantity 
of the industrial vvasic and was es from about eighty textile mills at 
Ahmedabad, Other industrial waste, such as ihoso liom spinning mills 
and tanneries, wcic also studied on behalf of tlic industries. 

At the moment work is in progress <m the tieatinent and utilization 
of vvasto water for use in the nivinufacturing processes in the textile 
industry. The work has been undertaken at the request of the authorities 
of a local textile mill, who are confronted with the problem, of growing 
shortage of suitable water for iheir iiiJustiial operations. The available 
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wnste vvaler contains suspended impurities like mud. coal dust, oil and 
difTercnt forms of organic matter, including readily pulrescible matter, and 
it emits a foul odour. The pilot plant experiments carried out at the mill 
premises, have indicated the possibiltiy of icclaiming water of satisfaciory 
(Qiialiiy—salisfactoiy from the chemical as well as the bacteriological points 
of view—for the manufacturing processes in the textile industry. 

Sanitation 

The work carried out in the Oepartinciit of Biochemistry on the 
composition of dUTerenl waste materials developed into Ft nation-wide 
pcagrii m me. 

The studies on the principles of sewage treatment by various methods. 
Including those of the newly observed process of natural purification of 
flowing on the outskirts of Bangalore City, and on the oxidation of other 
forms of organic matter as in aquaria waters, ponds, pools and waterlogged 
soils, have shown that protozoan activity in these systems -the activity of 
Vorticellids in particular—constitutes a. basic principle of purification of 
envixonmenfal sanitation. The bearing of this observation on efTectivc 
tieatmcnt and utilization or disposal of industrial wastes has also been 
examined. 

Fairly extensive work has been done in the Oepartment on the 
utilization of sewage and sludges for crop production. Their utilization in 
fisheries and poultry ration is being studied. Activated sludge is fairly 
rich in protein and it contain.s an appreci.able amount of vitamin Bi«. 

Other Aspects 

The broad field of biochemistry can also be divided for purposes of 
further illustration into carbohydrates, fats, proteins, nucleic acids, trace 
elements, vitamins, antibiotics, etc. Carbohydrates serve as sources of 
energy, and the biochemist tries not only to find new sources of carbo¬ 
hydrates, but also study its metabolic aspects. The several steps in the 
photosynlhctic production of carbohydrates in plants has been studied 
with the use of radioactive carbon. Calvin, a Nobel Prize recipient has 
elucidated the various steps and with the synthetic production of 
chlorophyll, the green colouring matter of plants, the day is not far ofT 
when carbohydrates can be produced on a laige scale for the benefit of 
mankind. T^eera^ the juice from palm trees has a special significance 
from the point of view of producing more carbohydrates for human 
consumption in the form of good quality jaggery and sugar. Preservation 
of neera with the aiitimalarial drug paLudrine helps in. its pre.servaLf.on and 
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pt t % ontitiu of 4-(c-.t T tic?ion irotn mn i o« n i.»nnKms. rUc^ngii the piesent 
pmciice i'-- to :n,K! Innt' iis ;t }»i ci vat i\e, ihti tiay is not far off, when 
if>a\udrinc can --aU-h he ii'Ci.1 vi . .i pie-^ aMitivt^ iintl a lai£»o quaniiiy of sugar 
ntutU' avnilcfU" foi’ htimaii conenn'pt uu s 

[ a.t'> > r-« f • ‘U . ;n o . t l-a» a >n 11 . ».‘s c*! cnci iiv tmti ^ 4 late sevtu al non-edible 
seeds h.iv> he t. >S!nlu' 1 hxi then lai nt with ti vu‘\v t(.> sciMniJi; whether 

siiclt an Pe :ti id“ .ivailahK* f. u liiuntiti <_•<> nsn in ptir'>n. The V^niaspati 

rn«ln,lis- teh cl m, the p^i ,I on ethhio od't suefi as yioiimi iitil, <,»ih cticonuL 
oil n.iul the hht s hnt t«^ tia\\ oil t'oiton :.coil is ini\ci.t with 'irt-nindnut 

oil to prodc*ce li vth t'pen; i (wl fats I'liilfior in levcMit years, the composi- 

of thv': hydi opan.v.to .i fats has Iscen hnnul to have a s^t^ocl deal to do 
WMth the nusinn • >t setiitn i hoIC'.ierol in ihe human. 'I ho Varuispati 
Tndnstiy pave us i pranl ll.s ■*s0,0 O/- to eaiiy tnit cxpei intents on 

ini>nk<*.ys to rnul oiu v.hn*h of rho vopeiahle ods, wduui added when fliio- 
linc is presetu in la rpe, aiuoniiis, as in ilio sh iiikinp*; water in tti cas mound 
Criiiitakal in A.mlhia I’ladesh, po»>[tIe sutTer from inollled cniinicl teeth 
and ceitain bono it»cs me pri»duced in tite liiiinaii as well as in 

eattlo popuhition. l^esoarclt wctik carried in the tlepaitment has shown 
that excess nuotnic ean l>e icntoveil from drinkiny water by activated 
paddy husk chmcoal and thereby remleisd safe for drinking. 

A derieiency <d iodine c;iii cause in man tIte disease known as 
goitre and can arise eitliet tiom tUcr |u>t>i iodine conUntL of the soil as 
in the ICangra Valley in the north of India or by taking certain goitrogenic 
agents in footl. The one inost commonly taken in some parts of India 
arc the whoU; giound-nut, whose red skin coat contnuis substances which 
have the ability to combine with it^dinc and prevent the formation of the 
hormone thyroxine causing tiicreby the disease goitre Prevention of 
goitre can be eftbeted by adding poiassiuni i<idide to cuiiiinon salt—iodised 
salt—so that there will always be excess of iodine in the diet to help in the 
production of this vital h<,>imone. 

Ricjchcmistry plays a major role in the study of vitamin dclicicricies 
in man. V/ork carried out in our depiulmcnt hU'^ shown that it is 
not enough if those suffering from vitamin A dchcicncy take nieiely 
plenty of the vitamain A. Poriein .supplemciitution of the diet is equally 
important since without adequate piotcin, vitamin/A is Tiot piopcrly 
utilised. 

Biochemical methods are also emiiloycd to study the status of 
vitamin nutrition in man. The vitamin O status in man can be studied 
by dctcinnning this vitamin content in the blood and in the urine. If 
there is a deficiency of vitamin C the levels of thi.s vitamin aie very low, 
in both blood and urine. Similarly if there is a deficiency of another 
vitamin of the B complex, pyridoxine, the urine will contain an abnormal 
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excretory product, xanthiiiinic ncicl, wliich turns to hydro¬ 

genated fats kept the seruni cholesterol concentration at a tiniformly low 
level- We have found in. studies with the monkey that the addition of 
safflower oil and of sesame oil to such an extent it* hydr<'jj^T;enatcd fat 
as to keep the level (if satin alcd to iinsatin atcil hiLty Jiidds wiiliina certain 
ratio, j^ieaLly hcli'ied to kcci> down the scrum cholesterol level foi a period 
of SIX inontli.s 

A.t present there is considerable research woi k emiii'd out on protein 
malnutrition. A. lai tje number of children in unclevclof^ed and undei deve¬ 
loped mcas of the woild sufTer fiom piotein malnuti ition. '^I'his is because 
the intake of good quality proteins is tow and attempts arc made to isolate 
good quality proticns as also an amino acid ly.suic, which when added to 
the rice diet or diet containing vegetable proteins raises their nutiitioiial 
value Another aspect of study which has iiitercsied us is thrs toxic princi¬ 
ples present in I^athyms sativus of fchr*<ai‘i daf^ wliicb is consumed in cer¬ 
tain parts of Crenlial India and which causes in the liuman neuromuscular 
disease called '^hathyI ism*. We have invostig itcd this proLilcm and have 
isolated now toxic piinciplcs fiom the scuds, which are like the ammo acids 
ofoidinniy proteins hut cUfTei ladicallyin struciuie and which consequent¬ 
ly may cause the disease lathynsni when the seeds me consumc<l by man. 

Biochcnaical studies of trace elements like fluoiine and iodine have 
given us inipoitant results, whicFi can be applied with benefit to the wel¬ 
fare of mankind. It is known that rttiorine in small amounts prevents 
dental c.trics in children caused by taking too m.iny .sweels and chocolates. 
In fact in some cities in the west, nLi<->iinc in the form of fluoride is com- 
pulsoiily added to di inking water to pioteel chikli en’s teeth fiom the on¬ 
set of dental caries. l-Iowcvor, on treiiiiTieiit with iron salts, this gives a 
very sensitive biochemical test for the detection of the vitamin deficiency 
Again it has been known from biochemical studies that if a person takes 
raw eggs in laige quantities, the substance ‘aviilin’ ii\ raw egg white can 
combine with an important vitamin of the IB-complex ‘^biotrri* and. make 
this vitamin unavailable to the huirian. ^’Ile fortilical ion of foods, parti¬ 
cularly of wheat flout in XJ-S.A. with B,, riboffavin, nicotinic acid, calcium 
and iron, which is compelled by law could not have been possible without 
the extensive research work carried out in the held \>f biochemi.stry 

Concluding' JictnarJes 

Biochemistry is thus advancing rapidly. Its advances have been 
gieatly influenced by the spectacular advances in physics- The advent of 
radioactive isotopes has made it possible to study aspects <>f biochemistry 
that were considered beyond the scope of investigation. 
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Bicchervlistry cuT.ors a very wide field, tlic study of all living things, 
cither ns single living cells or as oipaniyations of living cells Its findings, 
and the eonchisious based on them, tilfeet all phases of human endeavour. 
Its innuence is aliciuly (elt, but \se aie only at the beginning As tune 
goes on, ils imiiortancc will increase and eemlinue to contribute subslan- 
liallv to the health, piospeiity and happiness ot ntankind 



JsfUC:i-.EA.R. K-EACTOX^S—VO"IIA^T XIXE^ ? 

PA.1V1 n—j:>i sc'Rii’riow oi^ son/tf*, itKAcirroRs 
I. S. KO IIlARl 
CJnivarstty <>J‘ 

In the previous article {.Si'hnol S<'ionc:c‘. 2 ; 12-1 S) it was discussed in a 
qualitative way how a self-sustiiiiiccl lis.sion chain-reaction can he cst 2 iblish- 
ed, and also tlie vaiious types of hjisically difl'erent reactors that aie 
possible Alirvost all these diOcrciit reactor concepts have been tried 
cxpei imcntally. It is impossible to describe iheni all in a short ai tide and 
one has to choose a few bioad types. It is pioposcd to confine the scope 
to some examples of thcrni:il leactors only, since it is these that have been 
extensively built, A.s £i niattcr of fact the iirsL chain reaction was obtained 
by Permi and his collaboiatois in 1942 at C-hicago, U S.A.., in a thcimal, 
heterogeneous, giaphite niocleratccl naiviral uianium leactor Wc start 
with the desciiption of a similiir reactor now vvoiking at I5rool<liaven 
National Eaboiatoiy, "LJ.S.A.. 

The icactor piopcr is a graphite cube of 25 ft sides, sepaialccl into 
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two equal halves by a of 2.75 in. in the vertical east-west plane (Fig. 1). 

This cube is constructed fi om 60.000 grapiiiie b> icks giving a total weight of 
700 tons. Thiough this cube pass 1368 round parallel channels (oF cross 
sectional ai c*:i 5,6 in-.) in the north .st>utli direction arranged on a square 
lattice widi a .spacing of R in. between ccnties. SufUcient number of these 
channels arc lilled with 'fuel rods'* to bring the reactor to criticality. 

'The ‘fuel rod* for this reactor is a cylindrical loci <->1' natural uranium 
of l.l in diameter and ! I Ft leiiglli encased ‘canned’ in an aluminium 
casing (F'ig. 2 t/). This aUiminium carti idge has .six equally spaced longi¬ 
tudinal Fins running across its entire length. Canning oF uramuni rods is 
essential For two reasons, (/) to prevent oxidation oF uruniuni and (n) to 
prevent the Pission Fiagments, which aie highly radioactive, from escaping 
into the surroundings The total mass of uranium loaded in the leacLor is 
about lOO tons 

The extia graphite left on all sides of the active coic serves to send 
back some of the neutrons which would hav'c otherwise escaped From the 
system. For this reason, this extra graplme i.s icFcrrcd to as rc/lcrtor. 

Besides the channels described above, there ate a number of other 
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channels in the core and the reflector, 
which SCI VC Lf> lake out beams of neut¬ 
rons foi cxpcrinieutnl purposes, and also 
for t^poiating cofitral rae/s. The control 
rods are made of steel alloy containing 
a small percentage of boron which 
is a very gocid neutron nbsoi ber. By 
moving these rods in and out of the 
core the pt>\s'cr level of the reactor can 
be controlled. Hveiy reactor also has a 
number of sujl'ty rai/s\ which are so 
a I ranged that under normal working 
conditions they stay out of the reactor, 
but should anything fail, like electricity, 
water supply or any part of the compli¬ 
cated machinery, these rods arc rapidly 
pushed in, slopping the chain reaciiou. 

Tins reactor normally works at a 
power level of IVIW, i.e.. heat gene¬ 
rated per ton of rnanium is 30,000/100 - 
300 ICW/Ton (1 calorie per sec. pei 
cm® of uranium). Thi.s comes to nearly 
1 calorie per sec. per cm'^ surface aica of 


the rod Mleans have therefore to be provided for removing this large 
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quantity of heat as Otherwise the temperature of the assembly would soon 
reach abiiornially high values. In the BNJL** reactor, the rods are cooled by 
forcing air through the channels. Cold air enters at the centre of the 
reactor through the gaps and flows out through the channels in both 
directions. Xhc fins provided on the aluminium casing help to improve 
heat transfci fi om the rods to the air. 

When the reactor is working at full power, the average number density 
of theiinal neutrons in the core is about 25 X lO’ ncutrons/cm'^. Ilowever, 
in reactor work it is more customary to talk of neiitran which is defin¬ 

ed, as neutron number density limes the average velocity, rather than of 
number density itself Since foi thermal neutrons, average velocity is 
nearly 2 lO'^ cm/sec., we see that the thermal neutron fiux in the I3NL 
reactor is 5 x neulrons/cm^ see. 

'The flux of Y-rays inside a reactor is also very large Because of these 
high neutron and Y-iay fluxes in the core, a lot of these ladiations stream 
out from the core. Whereas a flux of Y-rays of about lOGO/cm*^ sec. oi a 
fast neutron fiux of about 25/cm- see or a thermal neutron flux of 60O/cm“ 
sec is considered to be about the maximum that the human body can stand 
without ill effects, the total flux of thermal and fast ncutions and of y-rays 
at the outer faces of the cube would be of the order of sec. There¬ 

fore some protection ha.s to be provided for people working around the 
reactor. 

Just beyond the graphite cube in north and south directions are two 
chambers, meant for air cii culntion- Enclosing these chnmbeis and the 
cube are 6 in. thick iron plates, which are also cooled by air. This is 
called the thermal shield. Beyond this follows 5 ft. of high density 
concrete, called the biological shield. Outside this assembly, which now 
has a width of 38 ft. and a length of 55 ft., the neutron and y-ray fluxes 
are below the tolerance value. The shield is penetrated by a number of 
openings, required either for loading or unloading the fuel cartridges or 
for experimental purposes. When not in use these holes are plugged in 
to prevent the escape of neutrons and y-rays through them- 

Tlicre are a number of other similar leactors working in ditferenl 
countiies- 


HEAVY' WATER. MODERATED RrjACrrORS 

Heavy water moderated reactors have been built using for fuel, either 
natural uranium or uianium enriched with isotope- Enriched 

uranium is used in reactors where in a small size very high neutron flux is 


* Broolshaven National l^boi-atory. 
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hc iKJoi- sen wei- 


Laboratory, U S,A. Wesliall here c<insidcr in stuiie detail only heavy 
water imHlcjaitHl tcacUns nattii al iiianiuiii as A few examples 

of this a-ie llic Ss^cdlsh heavy wMlci icactoi, NKX leactor at Ohallc River 
C^anachi* and C'lK leactin at I roiiihay, nt>inbay, 

I a‘t ii‘. • etfisit lo 1 c lie C d R i eact< i r , built by C‘j.inadiaiis for us at X com bay 
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CFig. 3>- It 13 very similar to their own NRX reactor, Xhe ‘active core’ 
is a cylindrical aluminium tank (called the calandria) about 9 ft. in diameter 
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and 11 ft. in height. Theie are about 200 aluminium tubes all running 
through the entire length of the tank, parallel to its axis. In these tubes can 
be placed uranium rods, control rods, etc. The uranium rods aie 1.36 in. 
in diameter and 10 ft. long encased in aluminium (Fig. 2/)). There is an 
outer sheath, al.so of aluminium and in the annular space heavy water is 
circulated to cool the rod. About 190 of these rods aic needed to make 
the reactor ciitical. The total mass of luanium i.s about 10 tons whereas 
heavy water used is about 21 tons. 

The reactor was designed and expected to run at a power level of 
40 MW, and a maximum (lux of about 5 x 10'" neutrons/cm'-’ sec. 

The aluminium tank is surrounded by two concentric rings of 
graphite 9 in. and 24.5 in. in thickness These act as reflectors. The 
thermal shield i.s in the foimof two concentric cast iron cylinders, each 
about 6 in. thick. Eight feet of concicte surrounds this structure Thermal 
and biological sliiclding is also provided at the top and below the tank. 

The number of expci imcntal facilities available with this reactor is 
veiy large. Provision is al.so there foi putting thorium rods in the 
reflectoi. The most abundant i.sotopc of thoiium is ooTk'"’" which on 
absoibing a neutron, emits (wo p-pai tides in succession and converts itself 
into oaU-"" 

Like oaU""”, this i-sotope of uranium is also highly fissile and can be 
used as fuel in reactors. Unfortunately thoiium, by itself cannot be used 
as fuel in reactois and must first be convci led into U"'" by irradiating it 
with ncutron.s. U-"* cun then be separated from thorium by chemical 
methods At one time it was thought that it may be possible to breed 
more U""" than the amount of U""" (or U'-'*') burnt. This would have 
meant that if one had, to start with, an amount of U“"" which was sufficient 
for building one ciitical system, then by surrounding it suitably with 
thorium, one could produce more U"'*" than the amount of U""" consumed. 
In this way, without requiring any fui Ihcr U'"", we could have gone on 
burning thorium. This would have been an ideal situation for India 
where uranium deposits arc comparatively meagre and thorium abundant. 
However, as we now know this dream will not be realizable in practice at 
least for a number of decades. The ratio of produced to U-""' 

consumed is usually less than one and only in extremely complicated 
chcimal reactor systems can it be made to approach unity 
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Xo dlstinguisb between L>jO anti l-I^O, tirdinary water is often referred 
to as lisht water. We shall describe a type of thermal, heterogeneous, 
desired, an. example of this being the CP-5 reactor at A.rgonne National 
light water moderated enriched uranium reactor, called the 'Swimming 
Pool Reactor’. I-Icre the fuel is in the form of plates rather than rods as 
in the curlier type of reactors Uranium enriched to tibout 50 per cent 
with U‘^“ isotope is alloyed witli aluminium. A plate of this alloy of about 
0.5 mm. thickness and 7.6 cm x. 63 cm si-^e is sandwiched between two alu¬ 
minium plates of about the same thickness (Pig. 4 u). In a typical reactor, 
eighteen such /ttel plafes uro fixed cQuidistant from each oilier to form a 
fuel element^ 3"x3"x25''. (The fuel plates arc curved a little to ensure that 
even when their temperature changes, they will slay eciuidistant). A 5 x 5 
or similar assert*..-ly of the fuel elements is placed inside a. deep water tank. 
The water that now fills the vacant spaces between plates serves both as a 
moderator as well as a coolant. Water outside the active core acts as a 
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Fig. 5. CTanaclu India Reactor—a view'of the reactor face, 
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reflectoi and also as £i biological shield. The amount of needed to 
make such a reactor ciitical is about 3 kg. 

This type of reactor is inherently sale and since usually the water 
tank is open at the top one can observe the active core directly. To start 
with a numbei of reactors of this type were built in America and our own 
reactor ‘Apsaia’ atTiombay built in 1956 (I-ig. 6) is a slight improvement on 
the Bulk-Shielding Reactor (1950) in Oak Ridge National Laboiatory. The 
inside dimensions of (he water tank of Apsara arc 28 ft. >< 10 ft. x 28 ft. 
The core (obtained fiom U.IC.) is .suspended at a depth of 22 ft. below the 
the water surface from a movable trolley at the top of the tank. Outside 
dimensions near the base ai e 45 ft. x 27 ft. 

The reactor was designed and expected to run at 1 MW power. 
Besides the three types of reactors discussed above, there are a number of 
othei types that have been tued. For example there aie the ‘water boiler’ 
reactors. These essentially consist of a stainless steel spheie (about 1 ft. 
in diameter) to which are joined two tubes diametrically opposite to each 
other. This is mounted with the tubes veitical and the sphere is suriounded 
by some reflectoi. When ‘soup’, which here is a mixture of some suitable 
salt of enrii..hed uranium in some liquid, usually water, is slowly introduced 
through the lower tube into the sphere, at a certain stage this assembly 
can become critical. In this case the critical mass of is about 1 kg. 

A number of fast and intermediate reactors have also been built but we 
will not consider them heie. It may however be mentioned that power 
reactors are in principle similar to one of the experimental reactors 
discussed above, the dilfcrence being that they run at a much higher power 
and that the coolant (water or gas) leaves the core at a high temperatuie, 
which is then used to drive turbines and generators. 



RADIOISOXOPES IN DAII.Y LIFE 

T cr. Mf NOM 

ncparttni'n! aj' Sr wrier f.'t/ncaliort, iValifrtinl C'triincil af T'clucat tonal 
Rtwrari'h anti 'Ft oininti 

Radioactivity discovered more than half a century ciko r\ow plays an 
iniporuinl part iii our everyday lile. Artificially radioactive materials, 
made available throuijli the nuclear leactors have proved extremely 
valuable, not only in the laboratory but also in such practical fields as 
medicine, agriculture and industry. It has been said that radioactive 
tracer tcchnitiues alone introduce the most powerful analytical tool since 
the invention of the microscope. 'I'he radioactive substances arc popularly 
known as 'ist>lopcs’ though in fact the term cnthiaces noii-iadioactivc as 
well as radioactive atoms. 

The existence of atoms of the same element with diffeient atomic 
weights was established by the chemist. .Soddy, at the turn of the century. 
It was he who gave the name'Isotope' dei ived fiom two Orcek words 
meaning 'the same place' and rcfciring to ilieir identical position in the 
periodic table of the chemical elements. Their c.xislence was established 
by studying the movements of clecliically charged atoms in magnetic 
fields, and the development of Aston's mass spectrograph in 1919 showed 
that many of the natural clcmcnls arc composed of atoms with dilTerent 
masses? This greatly strengthened the concept of a unit structure for the 
atom and removed a lot of anomalies. For, although the atomic weights 
of many elements are almost exact multiples of that of hydrogen, there 
arc some glaring exceptions. Chlorine, with atomic weight of 35.5 is one 
of these and it was now shown that natural chlorine consisted of two 
isotopes of masses 35 and 37 present in proportion of about 3 to 1 in all 
natural samples of the element. 

By upsetting the balance of neutrons and protons in the nuclei of the 
natural atoms, we can now produce isotopes which have too many or loo 
few neutrons in their nuclei for stability. These isotopes are radioactive in 
the same sense as some of the heavy natural elements are radioactive, and 
their nuclei will tend to regain stability by emitting some form of radiation. 

The materials to be irradiated are generally enclosed in aluminium 
cans and inserted into an endless belt made of graphite blocks which can 
be wound into position near the centre of the atomic pile. After being thus 
exposed to the neutrons for a suitable time, the materials (now radioactive) 
are withdrawn by winding the belt back so that the cans are brought to 
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the outside of the reactor (heavy lead scieening is needed to protect 
operators from the radiations'). The radioactive material is to be handled 
with a degree of cure which depends on the amount and type of radio¬ 
activity it contains. Highly active samples are maiiipulatcd by remote 
control behind lead, or iliick concrete walls. J-.css active ones can be 
handled with suitable tongs. 

Isotopes CIS 

We have in radioactive isc^topes all the essentials of £i very powerful 
research tool—a means by which atoms can be followed and identified. 
For, although a radioisotojic behaves chemically like a natural sample of 
element to which it belongs, it can be detected directly through its radio¬ 
activity, which is Linafrocted by any chemical or physical treaJmeiit it may 
be given. The measured radioactivity of a sample is an accuiate indica¬ 
tion of the amount of radioactive material which it contains. This is tiue 
whether the sainplc i.s a solid, a. liquid or a gas and in whatever chemical 
combination the radioactive atoms may appear. By a simple mcasurcnient 
of the radiations emitted, a radioisotope can thus be traced through all 
manner of complicated chemical reactions without the use of chemical 
analysis. Sometimes when penetrating radiations arc emitted, the 
measurements can even be made from outside the containing vessel, without 
disturbing the chemical process at all. 

It IS not even necessary that a chemical to be followed in this way 
shall be composed entirely of radioactive atoms. For, if radioactive and 
stable isotopes are once uniformly mixed together, and in the same 
chemical form, any subsequent chemical trciitmcnt affects stable and radio¬ 
active isotopes in exactly the sanre way and they will appear in the same 
proportions in any sample. The radioactivity of a sample is now a measure 
of the total number of atoms of lire original mixture it contains. Just as 
the movements of a whole flock of birds can be deduced by maiking some 
of their number with identification rings, so the behaviour of the 
whole of a sample of a chemical element can be shown if some of its atoms 
carry a radioactive label. This is the basis of the ladioactivc tracer 
method which in recent years has been employed in almost every branch 
of scientific research and is certainly the most versatile of all radioisotope 
techniques. 

Wear Afeasurement 

Radioactive tracer methods have been used with great success to 
measure tlie wear of machine tools and engine components. Cutting 
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tools used in uTCtri) working' Uithes have ,sharponccl lips made of a hard 
mettil coniaiiijng tuiigslen auci ct>balt. E-Iowcvcr good the tools, the edge 
is slowly worn away hy friction with the inctal it is used to cut. A. good 
tuiner generally adjusts his lathes so that the tool \vc:vr is small and, by 
using sintablo oils t(5 lubricate the work, reduces wear to a mmimum. 
Xhe rale ot wear is so small, howcvei , that its mcasutenicnt was virtually 
iinpos.slhle uirtil radioactive techniques ^\oie used, jitrd infoi mati<’)n about 
the etliciency of various hihiictiiits was t>blaine<l <mly at the expen.se of 
long tests in which the tools were worn to destiuction- 

It happens that botli tungsten an<l cobalt are pai ticularly easy to be 
made radioactiv<5 in a nuclear reactor, so that rf the tool lips are made 
radioactive befoie being used in the culling process, particles of wear 
debris weighing as little as one len-inillii uilb of an ounce cun readily be 
cTctccled and measured by means of iherr radioactivity. ft is found 
generally that all the material worn from the tool sticks to the metal swarf 
which is easily ooUeeted and packed aii>und a detector fc5r measurement. 

Xhe use of radioactive tracers ft>r incasmmg the wear of engines 
offers even greater advantages. F*oi incasurinjr ihe wear of dilTerent 
compoMOUls of an cngirio tlopencls ciioi mtuisly on its speed and loading 
conditions, and lubricants in itiost f>r these pails ate quite inaccessible once 
the engine is assembled, in the orthodox mcUu.'x.is rd' measurement the 
engine is dismantled after tests, whicli may last ftn- hundicds of hours, in 
ordei to weigh lh <2 woiii parts or measiiie them with a niici dimeter. This 
is another difliculty, for it is then alm^^st impossible to reassemble the 
engine exactly as before to repeat the tests under diircrcnt conditions. The 
amount of abraded ludioactive atoms in the liibricaiing oil can be used as 
measuie of total wear without dismantling the separate components. 

A number of .similar uses can be listed. Resistance to wear has thus 
been tested on shoe soles, floor waxes, road sui faces, automobile tyres, 
paints and concrete as well us on many metals Methods of electioplating 
silver have been improved, so also the quality and effectiveness of 
soaps and detei gents, tooth pastes and even cosmetics. Such dilTicult 
problems a.s the measurement of the penetration of presei vative chemicals 
into a telegraph pi.»Ies or other woo<!cn beams have become simple. AU 
such uses are examples of tracer actmn in which a relatively few ladio- 
isotope atoms reveal what is happening to all the countless otbei atoms 
because these few can talk by means of their luys- 

In Agriculture 

Farmers everywhere must cope with a large number of unknown 
factors even when their information is of the best so that many of their 
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mettiods axe still based on tradition rather than knowledge, A.n example 
is in the use of fei liliziers which arc a major item in the cost of food 
production. blcre radiophosphonis has px'oveci very useful. Used as 
phosphate fertiliser, it instantly reports what the plant has done wiih it. 

Thus Swedish investigators have found that phosphate in a fertilizer 
is taken up by the plant roots almost immediately when it is spread on the 
soil ; theie is no delay Researclics in A.mcrica have shown tliat pasture 
grasses take up phosphate that is spread t>n their leaves and on the tops of 
the sod so that there is no need foi ploughing. Very large savings were made 
by tobacco and cotton farmcis after the disc«.>vciy that these plants 
together with mai^e and siigar beets take phosphate from the fertilizer only 
during the eaily stages of their giowth ;ind that phosphate is wasted if it 
is applied later. On the other hand, it has been shown that potatoes can 
profit from the fertilizer ihrougliont their entire growth. P'uither tracer 
researches have shown that phosphoric acid added to irrigation water is 
just as effective as dry phosphate .spiead on the soil. 

Even flies* mosquitoes, and locut»ts have been made radioactive by 
feeding on matoiials tliat contain radioisotopes *'ind. thus marked for idonti- 
jQcation, have betiayod their habit and (light pattern which has then led to 
belter control by their ability to bicak the toxic chemical down into more 
fatal insect poisons. 

Storage of Root Crops 

It has been found that the exposure of potatoes to moderately large 
quantities of gamma radiation (about a ciuarier of the amount needed to 
sterilize an insect) delays their sprouting altogether. Potatoes irradiated 
in this way are found to retain their fiimness to eighteen months, while 
untreated potatoe.s through moi.sture losses in sprouting become flabby and 
inedible in a much shorter time. 

Racliatiori in Genetic Changes and Riant ISreeding 

When seeds, pollen or grow'^ing buds ate exposed to nuclear radiations, 
changes sometimes occur m the structure of the resulting plants through 
the action of the radiations on the growing cells. Some of these changes 
are hereditary and cun be pus.sed on through seeds to forna a new strain of 
plants. Some of the new strains which appear naturally from time to time 
are believed to be due to the effect of cosmic rays and of radiations fiom 
natural radioactive substances. 

Xhe use of radioactive sources speeds up the process and enables the 
plant breeder to select from a variety of new strains- Most of the changes 
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are undesirable (as tJiey also are in nature') but a Tew are important in 
agriculture. Improved types of ceicals and peanuts have alicady been 
obtained as well as types of grains that are bettei adaped to specific 
conditions of rainfall or soil fertility. 

T'ltese developments requiie that ti new stimulus sht^uld be imparted 
to science education in schools and. to technical training in this country. 
In this context, the programme of science education at all levels must forge 
ahead and orient our school systems to the ast».>unding and ever expanding 
vistas of modern science 
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Hunger is the oldest enemy of man Hence, man’s tirsL need is food. 
Wars amongst mankind revolved louiid food which was wealth and there¬ 
fore the main economic factor in the life of the piimitivc man. Even as food 
was the basis of the simple economics of our ancestois, it is none the less 
important in our modern civilization. No nation, certainly no large 
nation, has ever truly conqucied hunger, the oldest enemy. A soldier, 
who has seen men in all stages of staivation, has reported that if a man 
misses his meals one day, he is likely to he. If he has no food for two days, 
he will steal, and if he starves for three days, he will kill. 

It is no wonder, therefotc, that when the learned men and philosophers 
and even the Nobel Laureates of Germany met during the World War 1, 
when there was acute shortage of food, they usually talked of foods, drinks 
and their substitutes. In the last European war, two of the slogans were : 
‘Food will win the war and write the peace’ and ‘Food for victory’, For 
all of us food is the largest item in the cost of living and the most potent 
factor alTecting health. Wise use of food means much for welfare and 
longevity. 

Food is not a medicine nor is it prescribed on the basis of a chemical 
formula or equation. The fact that disease or ill health may result from 
lack of food or its improper selection has to be learnt by every body. 

In the publications of the Food and Agriculture Organization of the 
United Nations, Rome, the Food Balance Sheets of several nations have 
been recorded. In the following Table these recoids arc summariz.ed. 

Taulc t. Fooo Supply (1958—sv) Pint c’apita Pta Day 

'Vottil nntruat 

Ctutijttr I*rrttcin Protpiu rat (yiii.) 

(H-ni.) Uari.) 

2 3 4 5 

Europe and Nartfi America 


Austria 

3050 

87 

43 

Belgiuni-Luxcmburg 

2930 

B6 

45 

Denmark 

3350 

92 

57 

Finland 

3070 

92 

50 

France 

2950 


49 



US. I 



I 

SCliUtJl. 

sc:n-w< "If 

3 

4 

5 

W. Ocrriitiny 

2«rio 

KO 

4 5 

100.8 

Orcece 

2ri50 

S-i 

23 

64.6 

Ireland 


06 

39 

117 6 

7 1 a I y 

-ViSO 

7t» 

26 

57.1 

Netlu. ilaridn 

2‘>U> 

7« 



Niu way 

lOHO 

M6 

50 

12S. 1 

1*01 1 

2dlO 

7 1 

26 


Sweden 

2«‘*o 

81 

52 

127 

S ^s’ 11 .re 1 Ui 11 il 

2 IHd 

V3 

52 

113 5 

VJn lied Kitiisdoai 


85 

50 

123 1 

C‘‘anad.* 

^ 1 lO 

^->5 

Ci2 

123.5 

U.S.A. 

1 lid 

03 

65 

135 

.inwricti 

Aryeniin a 

1 UK) 

104 

65 

107 1 

U r« 11 

2*540 

6 5 

20 

45.7 

C:hdc 

2550 

y^> 

28 

47.8 

1 qvULdor 

21 U) 

51 

13 

• — 

IIon«.luru.s 

2 260 

57 

10 

53.7 

NtUMUO 

2420 

66 

16 


1*01 a^iiay 

2<»‘lO 

60 

29 

~ 

I'ervi 

2070 

55 

1 2 

36 3 

Ui ui$UAy 

1090 

90 

64 

126.2 

Vcnc/.iicla 

2000 

58 

24 

45 

l^ar Eaat 

Ceylou 

2i lO 

43 


33 

India 

IHOO 

47 

6 

22.6 

Taiwan 

21JO 

57 

14 

— 

Pakistan 

2010 

49 

8 

— 

Japan 

2220 

68 

17 

16 5 

Africa ariii Near East 

Israel 

2750 

B4 

33 

— 

Turkey 

2«yo 

92 

14 

41.7 

Union of South Africa 

2660 

74 

31 

59 9 

Esyptian Real on 

2640 

78 

13 

35.2 

Oceania 

Australia 

3200 

91 

60 

122.1 

"Now Zealand 

3430 

106 

72 

148.7 


It IS generally aceepted that one million calories are needed per 
capita per year. 



Foor:> ANr> its 


TABr-E TI. Pr.i:ssi-JRE op Popo 


Japan 

United Kingcloni 

Net Iiertands 

Switzerland 

■Belgium 

Egypt 

India 

K-oreii 

Bi azil 

P^cxico 

Germ any 

Norway 

Peru 

Australia 

Italy 

Gicece 

Czechoslovakia 

Eire 

Turkey 

Union of SoutU Africa 

New S^e.tland 

Fi ance 

Yugoslav/u 

Poland 

Sweden 

Spa in 

Hungary 

Bulgaria 

R.uniama 

Finland 

Denmark 

Algeria 

Estonia 

Latvia 

Lithuania 

USA. 

Tunisia 
Tyforocco (Fr.) 

Chile 
U.S.S Tt. 

Canada 

Argentina 

Australia 
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1 ION ON LaNO ANO LJSSE OP Ff.R ril-tZE-RS 

I*crst>n.s /icr hcftrire rcrtilizcr used m kj? 

oj" eirtihlc land per IiceiarG 


11.7 

97 3 

9 2 

59 4 

8 8 

336 6 

8.d 

31 3 

7.5 

177.9 

7 2 

37.6 

<3 <3 

1 .O 

A 88 

33 4 

4 2 

0.2 

3 7 

1 () 

3 5 

J07 6 

3.5 

43.7 

3 5 

3 1 .1 

3.4 

13 7 

3.3 

27.0 

3.2 

7 4 

2.5 

17 3 

2 3 

31.4 

2.2 

0.02 

2 1 

9.4 

2.0 

58 1 

2.0 

37 2 

2 O 

0.9 

3 9 

7 6 

1.7 

.33 S 

1 6 

18 9 

1 

2.5 

1 6 

0.03 

1 5 

O 15 

1 4 

20 3 

1 4 

-52.5 

1.3 

3.3 

1 O 

12.9 

0.9 

16.0 

O 9 

8.5 

0.9 

9 9 

O 9 

3.1 

0,9 

1 o 

0-8 

2.8 

0.8 

3 O 

0.5 

3 O 

0.5 

0.02 

0.5 

21.7 
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scnoor^ scifnce 


The forcfioing Tabic clearly shows that the eastern and south 
Anieric m naiioiis are ill-fe^l and in all respjrcts. the food consumption in 
India is easily the most inadcquaie lienee, we have to face the baffling 
fad that v-ve have not been able to meet the first, need of the common man 
and liolp him to maintain his health. Ic is a wonder that he has not 
rcvoUcti SI.? far ! 



'I'Aiii 1 ’. nr. 

tJsri> TTM Si VI rai. 

C'orjN 

rnir s ANii> 

C-’ONTir-il^NTS 



tn 

ytffri 

tillitrul itrcft 

.'1 rtiiilf c,ri fj at 




>*< 

•t I'viirmic 

re>tetl etitiHie 


t.J S A. cxc'liiaiiiK ntnuiauiia 






.inU Pacific: Slsilca 

471 


V ?. 1 

2R.8 


Tiii.il t-.uropo 

4*?4 


4 7 3 

30.5 


TnUi.i 

3:28 


4S J 

45 7 


Wcsl-Tii V*Liror>o 

3S*) 


4 % 4 

2fi 3 


AmcriL'a. 

2150 


2'.7 

10.8 


Laiin Amcricn 



2 1 2 

4.4 


Wear fast 

1 133 


2S.2 

5 8 


I*ar f ast 

208 t 


29 5 

15.7 


Africa 

23;)6 


31.4 

9.C 


Occ.i oi.i 

853 


47 

2 8 


IJ S.S R. 

2227 


] •; 8 

fO.I 


This shows that India has very little land under grass and, hence, 


milk is scarce. 




Taiilc IV, Farm Lawo Avaicaour Prr 

Pi:rso'4 

iw nuROPC (1*555) 


lietcfarcs 


Hficturrs 

l3clt;iu.ii-L.Lixctnber8; 

0,20 

Au*5iria 

O 59 

r>tctaeriatids 

0.2t 

Sweilc n 

O 62 

West Ccniiany 

0,J8 

Finland 

8.66 

Norway 

0.30 

I3cn mark 

0.70 

XJniicU (Cinsdom 

0.33 

Franco 

0.77 

liuly 

O 43 

Spain 

0.98 

Svvii.^erland 

0.44 

Grccco 

1.04 

Poriiiy.il 

0.59 

Ireland 

1.61 


yisricu/fnnjl laitti pvi 

r Ctipfttt 

T'ottti land per capita 


i//l h<fvtcirt.f\) 


ha<. tcirc’s) 

Europe 

0.5a 


1.21 

U S.S.R.. 

I <>3 


10,58 

Far ERst 

0.45 


1 .53 

Near East 

2.83 


10.0 

North America 

2.87 


12 t 

Iwacm Amenesa 

2-81 


1 1 .56 

Oceania 

2-90 


61.70 

Africa 

4.40 


14,0 
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Table V. World 

JTCR'riLJZLR Froducuon (F.A. 

O Production Vitariiook 1959) 


A'a prothivtiott tn 

ifii/iitiit 

l*yOo pratlui. non 
mtHioti tons 

I/a K-iO proc/i.c /ron in 

rnilhon ron's 

Europe 

3.^6 


3.^ 

7 3 5.08 

N Amcrjcfi 

2t 41 


2.36 

million 2. i 1 

Latin America 

O ^2 


O 21 

tons 0 02 

Near East 

8 million 0.2^ 

8 nitlUoo 

O 8 

0,07 

Fiir East 

tons 1.3) 

Cons 

0.54 


Afi ica 

0,08 


O 24 


Oceania 

0.01. 


0.65 


India 

0.0«2 


0.038 


Pakistan 

O 0102 


0.006 


Japan 



0 323 



In the following table the food produced per acre of arable land is 
recorded. Res»ulis bhow that ceieals and poluioes arc most cfTicient in the 
supply of caloi ics. 

TADI,E vr HUMAN FOOO PBOOUOEO PPR ACRB PeR YeAR 


IVeifjht of J^iisesStole £fter^\’ million 

Joo<t ib, ptotetn tb. coi^itt! 


Milk 

3750 

125 

1 22 

Cheese 

375 

97 

0.73 

Butt, r 

170 

a 

O 61 

Pork, 600 lb. live vvciybt 

470 

39 

3.15 

Pouliry, 473 lb, live v/ciylit 

2vO 

56 

0,31 

Muiton. 4 15 lb. live wci^bC 

IVO 

23 

0,23 

Beef, 370 lb l»wc NNci^hc 

215 

32 

0.22 

Corn, 60 bushels 

3350 

300 

5.34 

‘Wlieat, 34 bushels 

2-.50 

190 

3.06 

Soy beans, ’7 bushels 

1650 

500 

2 62 

Oais, 60 bushels 

1 350 

150 

2.15 

It isb poiaiocs 

lOOOO 

t lO 

3.26 

Sweei potaioe.s 

toooo 

90 

4 H8 


It has been stated by H. Bcnnct, thut poor soils make poor people 
and poor people make the sojI woise. Moieover, I-ouis Bromficld, in 
hjs book Malubuv F'urjii has obs»eived ihat the mineral deficiencies of poor 
or worn out soil allect not only the living standard of the people attempt¬ 
ing to make a living upon it but also the standards of health, vitality, 
intelligence and initiative which arc so fundamental a part of the real 
wealth of naiions. JBromfield has always emphasized that urliiicial 
fertilizers are useless without humus or organic matter. 
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Joliu H. ATibot of Vermont, XJ.S A., has stateti tis follows : 

*If alt accumulated soil wisdom of a handled generations of master 
fiirmers were boiled down to just three sentences, one of these sentences 
certainly would be. : Provitie /f?r rc\t*u/rir an<l frtjquant rcplt^nis/inient of 
ihe supply r j/’/V matter In the .vr>//.* TVlorc<iver, Sir E. J. Russell has 
unequivocal ly dccliircd that artificial fcrtilii^crs lead to soil deterioration 
n<^t only in ei.»ntinuous cropping but in lotatic^ns as well. 

Once richly productive aioas, like Moiih Africa (once the granary of 
the Roman Idiipirc), the valley of the Tigris and the Euphriites and vast 
areas of India and China, have ceased to grow even suOicient food for the 
population of the immediate areas or have been virtually turned into 
desert regions chiefly due to depletion of liunius. The richest soils on the 
carlh- ”lhe prairie corn belt and the vast inid-wcstcrn plums, the black soil 
belts of FcKas, the Ukraine, Mississippi and Alabama—are essentially 
grass Icgumc-inadc, phosphate and lime-rich soils. 

The essential volant nutrients, eg, nitrogen, phosphorus, potash and 
trace elements aie very important assets for agiicuUurnl production. 
Contintied k).-.s of those assets from land leads tt> agi cultural bankiuptcy 
and hunger; dire poverty, malniitrUion and debilitation set in for the 
common man wliosc welfare depends largely on production from land. 
The return of the nutrients in agiicuUuriil and plant wastes and tltose 
from cities aided by cheap phospliatc sources tt) poor agricultural land, as 
occui s in India, could change a decreasing agt icultviral production to a 
steadily increasing economy. 

In the CJ.S.A., the com belt area and in other parts, lands rich in 
humus and a favourable climate form the basis of crop production. By the 
application c5f science and technology crop production has been pushed up 
enabling this country to export approximately lO per cent of the food 
produced. But the great natural advantage of this country is the large amount 
of land under cultivation and even today about 3 acres arc available per 
capita (520 million acres for 180 million persons). It is interesting to note 
that on an average the amount of nitrogen applied per acre in the U.S.A., 
is low and is of the order of 4 to 5 tons per acic. If the nation is unable to 
conserve the humus capital of their land the fcriiliiy is bound to fall. 

Prof. R. i-I. Bradficld, President of the 7th Inlernational Soil Science 
Congress, took exception to my statement : ‘NIo nation, certainly no large 
nation, has ever truly conquered hiingei, the oldest enemy of man’. I had 
to point out to him that as the population is increasing fast, the surplus of 
lO per cent may not last long and that various parts of this great country 
are still poor, as will be evident from the following lines : ‘New England 
crop farmers by and large have had a struggle just to get along almost 
from colonial times. The Southern Appalachians seem to be a permanent 



F'OOO AMr> ITS INCRtASEO PROt^UCTlON 


153 


poor house. Toposraphy, obsolete methods, lack of capital and possible 
lack of a diet adequate to supply the requisite energy and thought, all 
conspire to make this region sad indeed. 'Tliroughoiit the south where 
cotton and tabacco have depleted the soil, lural poverty is rampant. 
Farther, south-west Ti'cxas has areas of almost ct^ntiiiuous poverty. In 
New ivlexico and Ari/:ona, particulaily timtmgst the Spanish Americans 
and Indians, poverty is the rule. Before World War II, wc stood arraigned 
iis the most wasteful people in all liistory. Nowhere else had a people 
taken such a rich virgin territory and in a short three centuries mined large 
parts of It for all time and sci7ii-destroyed other parts, while busily trying 
to do away with the rest*. (L. I-Iuyslead and G. C Fite, 1958). Similarly, 
in Oklahoma, Virginia, Alabama, Oeoegia, FCcntiicky, North and South 
Carolina, farmers arc not well off. In a recent aiticle Piof. W. B. Bollcn 
has stated that more ciops aie being pioduccd in the O- S. A., but lands 
are losing fertility. 


NITROOI.M iw c:ror rROOUCriON 


It has been frequently stated that nitrogen is the key element in crop 
production. This is evident ('tom the following Table which shows the yield 
in dhTercnt countries expected by an xippiication of I kg. of plant 
nuti lent : 


Taut R Vir. li.STUVf a r UO AVIiHAOl- FMCKI ASli IM Ytr,l-7> INT fCOV. IN TlT-l-Atlli AND 
OR-ASSLANOS I'ROM I KC>. Ol- 1>1 ANT NO I RIKNl 


<1 iJt liitftifitut Pcrmcuxcitt Pastures 


Country 




P 

K 

TV 

P 

K 

Norway 

9 

3 

S 

1 1 

6 

4 

Swedun 

14 

1 1 

7 

M 

1 1 

7 

Denmark 

1 8 

4 

a 

12 

5 

3 

United K.iriadoni 

16 

5 

3 




Ireland 

20 

8 

H 

— 

— 

. — . 

Netherlands 

19 

6 

3 

lO 

6 

4 

France 

J9 

5 

2.1 

- 



Oermany 

19 

8 

4 

9 

to 

5 

Switzerland 

J8 

8 

4 

9 

lO 

T 

Greece 

15 

5 

3 

— 


- 

Italy 

1 1 

3 

-- 

12 

4 

3 

Average 

16 

5 

4 

11 

7 

4 
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ft seems tfiat Iftcre is a close ichilionship between climatic conditions 
and. the ctTcci of n- "I ho lowest niirojzon nitloenco has been observed 
in b4orvv«iy, Sweden, Italy and Cireccc L.ack water has very often 

been a factor which resiTicted the p rt^dnci ion. 'The influence of phosphate 
and vmtash c^n ctop vicld is much Itiwcr than iliat of niiiotjen. 

In the Oxfmtl bcononiic Atlas I'if \Vt>iUl (O.xfoicl Umvcrsily Press, 
19‘S9) ihi: fviUowirtj’ results regarding yi*-hl rcctirdcd : 

rAiii i* VJIT. Imc ur AM !si ^*11 I i> lo 1 Kci-car Wa Pr« ITrcT/'irn 


H'/icej/ /t,rcr C7»«yy (^or//ay") 

Ky. per Iteclare 17 17 K4 17 


It has been staled thiit yield increases of this order are obtained when 
tlie use of nitrogen is not excessive. After a point, successive increments 
of fenili^ers brit'ip diminisliing iriciements or>icld 

Xhe Indian Council of Aericuliural Rcsexirch has reported that on 
average ihe nee prxiduction in India is lO limes the aniounl of Wg applied 
when the dose is not laigc. 

The XJnitctl blations K.orcan Reconstruction Agency* in their report 
(, Agriculture^ Forestry and r'i^lierio<i in S/ntt/t Koreas h4ew Voik Columbia 
XJniversiiy Piess, 1954, pp. 92-102) have reptirted that ! kg. of Ng fis 
ommonium sulphate can produce 12-14 kg. of brown rice and l-t-28 kg. of 
rough barley in South TCorea. Similarly 1 kp. of PaOftfiom su]'>e r phosphate 
can yield 14 to 19 kg. of brown rice in some places, whilst ii\ other places 
4 lo 5 kg. of brown nee :i re produced per kp, of PjO^. 

Prof. K.. A. PondoriT, Director, State L.;iboratory, t.ynpby. Denmark 
has reported : *I will only say that the consum pl>on ol fertilizers could 
profitably be incTcased by r>0 per cent ihcicby causing an increase in yield 
of 4 per cent. 1 think we can easily agree that tiicre must be such a thing 
tis a maximum piofiiablc consumption. But liow to calciiltiic this quantity ? 
1 should like to stress th.'it the answer is a very important one. It is 
important to the single farmer who. of course, w'tmts lo benefit a.s much as 
possible from the use of fertilizers- II is important to the national eco¬ 
nomists and to the politicians who want lo estimtilc to what extent their 
country can supply itself w'ilh food. And last but not Icjist, it is important 
to the manufacturers of fei tiliaicrs v.'anlinp to know the maximum quantity 
they can hope to sell. The question is as diflicult to answer as the answer 
is important. But I think ll e an^\^er wiU be important in still another 
way. The answ er might be useful to people, including many politicians, 
who know too little about agiicullure. V/hen it is emphasized tliat agri- 
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culture in the future will have increasing dilTicuUies in meeting the demand 
of food, these people pome to ihc role lertih-^ors have played and bcheve 
that by increasing the use of fertilizers every demand can be met. Looking 
backwards this point of vrew can he urtderstood Hut, looking forwiird 
the picture is quite dilTcront. 'The pt^ssibi 1 1 Lies of an increased use of 
fertilizers aic, in my opinion, often. ovct'osLtmaied, the law of diminishing 
return loo often neglected''. 

Prof BondoifT further stated : 

‘The phO'^phoT ic acid condition and the potash condition, of the soil 
has to be in order, i e. sunicient ciuantities of these two nutrients have to 
be aviiilable in the soil ftir plants in order that they can utilize tlie expensiv'e 
niiic^genous fciiilizer and the watci, do In other words, it does not pay 
to have the yield determined by the relatively cheap phosphoric acid and 
potash nutrients. Then oite should give as much phosphoric acid and 
potash as will be sufficient foi the plants.* C77;c Eljfcctive XJsa I^artilizet s 
int^ludni^ L/nic-’. O-E E C. April. 1957, p. 87). 

Consequently, for over 30 yeais wc have carried on systematic 
research work ;ind have developed an alleni.Uive method of land fertility 
improvement by pJoughini* all kinds of organic matter with cheap phos¬ 
phates sources like bu'.ic sl.igs and rock phosphate for fixing atmospheric 
nitrogen in the .soil and supplying available nitrogen, phosphate and potash 
to crops, ft seems that at le ist 250 million tons of available nitrogen are 
necessary for the food, tibrc and fodder production of ihc world. But only 
3 per cent of it comes from aiiificials, 2 per cent from farmyard manure, 
but the rest comes from soil, the niirogcn of which appears to have been 
deiived from the thermal and. photochemical oxidation of carbohydrates, 
photosynihesised. l-l.;nce, caibohydrate m.inuring aided by different 
calcium phosphates must be well organized all over the world to supply 
90 per cent of the nitrogen need ofciops, 

fn our extensive researches on alkali land reclamation we have 
obtained excellent results by applying a mixture of bone meal and straw or 
molasses of pressmud in Riijasthun, fvlysore, LJttar Pradesh and Bihar. 
Similarly, in composting of plant residues and city refuse, basic slag and 
rock phosphates have been found to increase the nitrogen fixation. The 
unphosphated compost contains 0.5 to O 8 per cent nitrogen, whilst the 
nitrogen content of the phosphatcci compost is of the order of 1 to 2 per 
cent, and the available nitrogen and phosphate also increase readily. We 
have discovered that sunlight is uitlizcd in niirogen fixation in soils and 
composing for increasing the nitrogen content of composts. 

In recent years we have carried on field experiments in different 
parts of this country as well as in Europe and Africa. In the following 
Tables some of our results are recorded : 
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SC sc'iiwc i: 


■f'Aiix I’ IX Yii 11> nr T’ai>i>> c;I^Al^^ 

1 Is K t 

. 15/ ATn'AC'Oft 

(Ai i-ATrAnAO) 


T rt’^rjfrru ri/’; 

1 

2 

3 

4 

5 

6 

7 

fioil alone fctii (rt'l) 

n I ? 

rs 

lO 75 

1 1 OO 

J .1 OO 

lO 25 

6S 75 

Soil W’t'c.it Straw (lO t<'ns,’.if'rc') 

Soil NVheal Sirav.’. an 'l.a.i 

l« t.O 17 

25 

19 50 

16 50 

I R..54 

18 25 

108.00 

li.ivic ''l.ir; 

Sml (^.S'ticrh-jn/fn ifrfu^it n//t) 

2*» 22 

75 

:m,so 

24 60 

2 I. so 

21 50 

139.00 

I () »H'lis ’.It r».* 

1 r> 7 s 1 ^ 


K. 2 5 

1 7 75 

1 5 no 

16.00 

97.25 

Soil A'<^/»s .in I'.xe.i I'.is c *.lar? 

2 1 7 S 21 

2 5 

22 75 

22 7 S 

20.50 

21.25 

129 75 
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29 

2H 

25 

29 

27 

168 

Soil I Wheat Straw 

52 

4H 

50 

47 

53 

5 1 

301 

Sml 1 Whc.it Straw 1 l^.-Or, .is 'IMl S 

r»5 

62 

67 

6 t 

6S 

C4 

389 

Soil \ AVmi 

4S 

47 

4H 

46 

AA 

45 

275 

Soil 1 AVv/n 1 I’uC),. as T H S. 

(» ) 

r.) 

59 

64 

6 1 

64 

368 

Sc^il-I Siintrhccitp 

4 2 

4 ^ 

39 

40 

44 

42 

250 

Soil 1 Sxinnhcnrp 1 T* iC>.-, 1” U S. 

54 

53 

55 

56 

52 

51 

321 

'Ftit.il 

34S 

14 > 

34 9 

1 1 1 

152 

140 

2072 

Ml!5NAl'Ot«.l 

I AKNt. Ill n<;ai (tfft .ifn/ni*ft 







<// kfjfttvrt^ 




lb5H.5b 


19 9 64 

I95t> 61 

^f\'rrni;e 

Control 

322 4.) 


51 I 64 


8 1 6 43 


55 6 80 

Oii»anlc tnaltcr (straw) 

362 40 


762 40 


yS5 20 


703 20 

liasic slat' (40 lb, I’^Oj-./acrc) 

350 HO 


74 5.20 


86 1 60 


652.40 

Superphosphate (-do- -do-) 

325 6 > 


612 80 


822.00 


6 lO 00 

Organic matter (sliaw)-l-basic slay 
Organic matter (straw) 

39t) <X) 


784 OO 


974 80 


714.SO 

H'.Supcr[jliiispbatc 

399.20 


77 1 .60 


9 18 OO 


696 CO 

rs IM SAl.INtv AMli AI.ICAI 


soir.s oi- RAJAsniAW (inoia) 

OitciANic; PvTaiti.r. (Si«.aw 

Oil, C'OAl.) lO tons/ac uc. 

AMO 1* 

A>r. lOO 

t n/AC \<ii 





m kt^/cfcie 





S*utttlv 

A'/ entt 


I3ut ley 

fi rmn 

Control 



45 93 


93 

75 

Organic matter (straw or coal) 



126 
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60 
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90 
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K)()l) AIS'IS IIS INCRUASI--L> PUOI>I JC-1 ION 1 S7 

A t my request Lady Kve Balfour of thti Soil Association, New Bells 
Faint, Haughley, Suffolk (Lngland), |Jcrformed the following exiici nuent: 

One 5.42 acres plot of land with barley was h.'irvested by a combine 
harvester on 9/9/57 and the bailey sttaw remainecl on the land which was 
ploughed up early in Januaiy 1958. To one poition of the land A (3.12 
acres) ammonium .sulphate at 1 cwt, Naperaciewas applied on 17/10/57. 
To the .second portion -B, nothing was added but in the third section—C 
(1.75 acres) 22 pur cent basic slag was applied to the straw on 16/12/57 at 
99 lb. PjO.s per acre. On 3/4/58 one ton and 4 cwt. of a compound 
fertilizer (Fi.son 35—25 lb. INf-j, 62 lb. and 62 lb. 1C per acre) was 

applied to the whole .5.42 acics plot. Barley wa.s sown on 10/4/58 and 
harvested on 6/9/5S. Her report was that the plot to which basic slag was 
added to the straw contained the largest amount of total nitiogen and 
produced the biggest crop of barley. The yield of barley in A with 
ammonium sulphate was 20 8 cwt. per acre, B (contt ol) gave 14 cwt. 
per acre and C containing basic slag produced the hiirhest yield of barley, 
i e. 30 3 cwt. per acre. Moreover, the Inter-African Bureau of Soils and 
Rural Economy are also utilizing a mixture of straw and basic slag in crop 
prodviction in Africa. 


CONCIAJ.SIOM 

Our experiments show that organic matter such a.s straw, plant 
lesidues and grasses, when incorporated in the soil or composted, not only 
impiove the physical properties of soils but also fix atmospheric nitrogen 
and protect the soil nitiogen and this is largely aided by diflfeicnt calcium 
phosphates including phosphate rocks and basic slags. The woild reserve 
of phosphate rocks is of the order of 21,000 million tons and its 
present utilization is 30 million tons per year. Moreover, the expanding 
world steel industry can supply large amounts of basic slag rich in lime, 
phosphate, magnesia, manganese, copper, vanadium, molybdenum and 
other useful nutrients. Hence, increased utilisation of these cheap phos¬ 
phates which are not readily washed away and are not converted into 
ferric, aluminium or titanic phosphates unutilizable by crops, could go a 
long way towards meeting the woi Id-wide shortage of nitrogenous fertilizers. 



rc>c:>o c:[ji.TivA'riow in social inslcts 

II, S. VISltNOI 
CJniver\ily of Oelhl 

Ory.mi/^etl t'arimn!_i bus been one of the most, imporlant factors in the 
progress of hiinnin society. 'I'lie same vvttukl perhaps apply to certain 
social inscct.s such as the ants and llie termites. I-lvcn today after centuries 
of progress, man is paying gieatcr attention towaida improved cultivation 
and building up ttdequalc food reserves. These unsure ;i pci pctual social 
Itfe. Likewise, the ants and termites growing their own food within their 
nests have, to a great extent, fieed themselves from a tense struggle out¬ 
side their nest.s. The nature of footl grown by these two divcr.se cases of 
social animal-s -man and insects—is, however, quite different. 

(jraefas nj Insoct Societies 

Perfect societies of insects arc found only in tlie ants, termites, wasps 
and bees. Haeh of tlieso lives in a kind of nest with a population of 
hundreds tind thousands. All the mcmbcis within ihc nest arc usually the 
progeny of the same parents. They live in close co-opciation and have 
division of labour. While till known species of llic ants and termites are 
social, only a few of the wasps and bees lead such a life. 

The wasps may be said to be at the lowest grade in the social organi¬ 
zation. They make papery nests. They never .store any food but only 
collect it in the form of sugary matciials, or prey upon other insects for 
their daily needs. Lack of any food reserves in their nests is one of the 
chief factors for the repeated catastrophe of the wasp.s’ colonies every year. 
Before winter, all the wasps die leaving only a few young females which 
liibcrnalc or eanccal themselves under some protected cover on the ground. 
On reappearance in the next spring, these females .start a new colony. Like 
these annual colonic.s of wasps, there arc also colonic.s of humble bees. The 
latter, of course, have advanced a step further in gathering nectar and 
storing it as honey in small quantities. 

The honey bee collects its food in a quantity greater than its dally 
requirement and builds large stores of honey. In adverse weather, when 
the bees do not go out foraging, or in case of increased demand, as in the 
rearing of the larvae they fall back upon their food reserves. And again, 
at the time of swarming some of the stored honey is taken by the old 
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queen and by her companion workcis in establishing a ficsh colony leav¬ 
ing behind a new female to lule the old nest. 'I'hc honey bee colonies 
persist year after year. 

Xhc teimilcs and the ants always live in perennial ooloiues sonielimes 
going on for ten, twenty or more ycais. Xhese are in a way the most 
highly evolved social insects. Dcsidcs gathering a variety of food from 
outside the nest, they have even adopted a method of agucultiire or grow¬ 
ing of food. Xhey cultivate imy fungi, which arc also called the jiiush- 
rooms. Xlicse aie usually grown in the subsoil gaidcns within their nests. 


Fuiigus-s* awing ’J'er/niitix 

Xermites are the oldest of all the social insects. 'they appeared more 
than 200 million years ago, long before man came into existence. Xhey 
have been principally feeding on wood, but duiing the course of evolu¬ 
tion a few termites have accfuircd even the food grovving habit. The 
common Indian mound^building termite Odoniotertnes ohcnua is one such 
mushioom-growing sy^ocies In Us nest there arc large spaces and galleries 



I-'jR. 1. Tnlcrniil sirucuiro of a tcrimto 
mound , showing fungal 

cliam bers. 


l-ig. 2. l-unj-ius {>.11 den of an Incliaik 
lermi lo Mrct aterrucfM ttiyctt/fhcrfruK frotn 



filled with masses of soft spongy biownish material called the fungal beds 
or the fungal combs (Figs. 1, 2). These are constructed, by the termites 
chiefly from their own excreta and thus may be compared with the compost 
mamne in farming by man, CZeitain fungi liVe ^yJlafri4rs' and F'alvNlaria are 
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.k’Ti>\vn, ly ovtti thcstj; rniif^al bc^ls Thu iiricliir^nmnd dampness 

prs.^vides ihiy u.'coss.iiv t’t^i ilie iiiat'.il th. Xhe myccUa grow 

upon tlio sul 11 a( uin of tJic Uijig^d beds and usually [>rt>duce n kind of 
svHUe sph 'y*' i Nvl^uch is’.avlily eaten bv live nympl^s iu\d olhci xnembers 

ofih' I he piiiblem oT ?»ettinn the “scucK* of tLic desired type of 

till' fnnnu^ j-> eisiiy soWed. H rtorc lliji new \vin»’eil maics and females leave 
tlieir p.iiciU nests Im their nupli.il OiylHs dui lup r:iins, they have already 
n..Uheie,l a nurnne> oT the spmes ok' the rungus slicking on then bodies. 
Some fungal spores aio oven letainoil insule theii stomaclis undigested. 
When these new iiidivul mils found a fresh underground colony the fungal 
spores, both ft out the hotly and ihose passed out in tlie excreta start 
gcnninviting and give rise to t(ie new i'unnus gartlens. The fiinjj’icuUural 
termites arc tpuie %vi..ies(itcail I'hey ;irt' nitisl abuntUiTit in Iritliii, C^entral 
Africa, and Ausfraliiv 

/•‘n/i.ifn.s-i; r{iwfri,(i Ants 

rile fungus-growing ants me fouiui only m vSonih Atuerica. There 
are al^out a hundicd species of these, all beUinn.ing to die u ibe Attini of 
the subfamily Af yrmcrnKrc. I kicy consiiuci 
special underground chambers in which 
they prepare fungal beds constituted chiefly 
of tlac chewed leaf lYagmcnls and nKiiiuicd 
by their own excreta (big- 3), I he fiiiit’t*'^ 
grown by Lite ants is usually some species of 
Rhozites. It.s mycclia arc never allowed to 
glow long. As soon as they arc a few mil¬ 
limeters long these aie bitten off and re¬ 
planted. Tf allowed to grow unchecked the 
mycclia would reaerh a &i'«re of 6-7 inches. 

Inside the formlcaiies fants’ nests) the fungus 
produces little swellings called the ht nnmtiti 
which are eaten up by the ants and their 
larvae. 

A subtle balance is maintained between the p^>[^ulaiu>n vSi/c and the 
amount of I'ungal cultivation. 'roo few aiUs in the nest would be unable 
to keep the fungus garden in check and relatively too many ants would 
only starve. Toey also carefully regulate the conditions within the nests 
for a proper growth of the fungus. Xlicy would even remove certain weeds 
which might spring up within the nrusWroom gardens- 

Like the termites, the fungus-growing ants also bring the tungus 
forming material from their parent nests. The young queens before setting 



C Tnlcrnil stiiicunc of the 
Tic'^t or a Ion mowing ant 
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out foi their mrirriagc flights store soine iiiycclia and fungal spoies in theii 
infra buccal chanihars^ a kind of sac just helow the inouth. On eslablibhing 
the new colonies they grow the same matciiul on the freshly-prepared fungal 
beds. The newly giovvn inycclia ;irc nourished on the faeces of the queen 
ant who may even sacrifice vsome <-»f her eggs for this purpose. 

It should he noted that the fungieultui.al ants do not grow the same 
Fungi as do the tei mites IMor does it mean tliat the ants and tci mites are 
closely related- In fact, the termites arc older than the ants by several 
million years. The apparent similarity in the fungus-growing behaviour of 
the two, is just one of those inniiiiierable examples that may he cited in 
favour of convergence in evolution. 

Aerial GariJois of Afit.v 

Some ants, again of CJentral A.nicrica and belonging to tlie same tribe 
A.tttni, make aerial nests on the trees. Within their nests they grow certain 
plants of the orchid family, which arc mostly epiphytes. But actually 
these plants aie cultivated not so much for food but only h> consolidate 
the soft nests by the rootlets these epiphytes. 

i'Tarvesfin^ Atit.s 

Certain antb, without being food growers, only harvest it from the 
fields. Tn this way, they collect wheat and other grains or seeds of different 
kinds and store them in their nests. The common large black ant of India, 
C'arnponotLt'i cotriprc*s'H4'i often stores wheat and rice grains within its nest 
How these ants pi event the seeds from germinating due to the subsoil 
hurnidity still remains unexplained. Trobably, they nibble off the tiny 
ladiclcs as soon as they appear. 

Problems relating to food growing and its storage within the nests of 
the two most advanced social insects, the ants and termites, are manifold. 
Scientists at home and abroad are busy trying to solve many of the 
hitherto unknown phases of the life of these social insects. 
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IN Wil A. I WAVS* ANSI n N* 1 t < IN I RI m I t 1 I O NA I U IN Al . Ill I 1 Nti-. I 

"I ht'rti aic Hi It'Hsl llnec ways Unit sfifnce can cmitributt; to the 
NJiitional IJcTvtice, namely ; 

(i) lite .sciciicc (:iii.s'ht in Uie .schcuils ciiii bti in.icic more piactical 
hO that it inaKes :i biyi'i'i iliiiVn'iu'i* in tin' lives I'f llic hoys and girls and 
in the conitibniion Ut.it they make to tilt; fomnuinity where they live. 

<21 .Scienee ean he iippHod in assossin;' the short time and the long 
time purposes of the enemy and in adjnsiini', one's aeiions in the light of 
these jnu poses. One can ihcir pretlicl the consequences of the.se purposes, 
if carried oni, on the fiitiire of Inilia anti of Sonili-fast Asia. One can 
analyve the itropagantla pat for lit hy the cneiny and so avtiid miscalcula¬ 
tions of what they will <lo. <)ne ttnt become hotter mloinictl regarding 
the physical anti economic faettns td .i conllicl, and theiefoie, belter order 
one's life to eonntei an olTcnsive, and help others in one’s own eomniunity 
to do likew'i-se 

(3) .Students can, to a considerable extent, become scientists rather 
than merely bcoominB inforincd about science. As sciepti.st.s they become 
aware of a univcr.sal order in nature, and they .strive to explain that order. 
As a result, their own lives arc ht ought closer in harmony with reality; 
their aeiions hccoine, to a greater extent, based upon reality and to a less 
extent upon supersluion. 

I^et U.S consider lirst, liow science may be made more practical ; 
second, the irature ofsciertcc ; and third, how to tcacli science to make it 
more central in the lives of the boy.s and girls. 

I Jaw to Make Science Mare Practical 

Perhaps the be.st way to tell how this mtiy be done is to describe a 
school wheie it was done, rrrtd where it practically remade the community 
of which it was a part- floUvillc, Alabama. 

I ioltville. Alabama, was a poor community with little culture, and 
with little hope- A school principal with a dream took over this com¬ 
munity. He reasoned that much of what was taught in the school had 
little to do with the lives of the boys and girls. Only about ten per cent of 
them went on for a college education. Most of them would live in poverty 
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just as their parents had done unless his school could do something about 
it- What could his school do about it ? The people did not have enough 
to eat, and what they did cat %vas of poor quality. How could this food 
supply be increased 7 TJiey couldn’t raise many gaiden crops for the soil 
was poor, and Uic insects would cat up the crops. A.nd the crops would 
be available but for a harvest season of the year foi they had no means of 
processing and keeping foods throughout the year. In fact, no one in the 
community knew what to do. They knew little about good farming 
practices, hlilc about unproved varieties of plants and animals, little about 
how to process foods, and even little if anything about what they should 
eat to keep healthy. 

What did this principal do about it ? Ho talked over the problem 
with the school diicctors and leaders of the community and gained their 
support for a community attack on the problem. He enlisted the suppoit 
of prominent businessmen and the local bank. He mortgaged his own 
home to procure a loan to help in the project. The first 11 grades of the 
school were then organized as a cooperative corporation and plans were 
made to use the school to carry on community projects. 

Few garden crops were laiscd, first because tlicy had inadequate tools 
for tilling the soil and second because the insects ate the crops up before 
the gardeners could harvest them. So the agriculture students studied how 
to use modern machinery in tilling the soil and how to control insects by 
sprays, A tractor, plough, harrow and power sprayer were purchased and 
for a nominal fee the high school students would go and plough a garden and 
fit the soil or would spray a garden at the proper time. In this way good 
crops could be assured. The students studied what arc the best varieties 
of crops and vegetables to grow, purchased the seeds and provided them at 
cost to the people in the community. In this way excellent gardens and also 
field crops were produced, better than what had been produced here before. 
During the harvest season there were ample garden crops. But how could 
these vegetables and fruits be made available during the winter season 7 

A cannery was established at the school and the home science people 
learned how to operate this ctinncry. For a tithe of the vegetables and 
fruits canned, anyone in the community eoulU. use this cannery to can the 
excess of the seasonal crops produced in his garden or orchard. This tithe 
was used to i^rovidc good school lunches at the school and to pay the cost 
of the machinery used in canning. This most successful venture did a 
great deal to improve the nutrition of the school children and of the 
people in the community. 

There was noway to adequately care for meat. If an animal was 
butchered it had to be eaten right away or it would spoil. So a coopera¬ 
tive cold storage locker pl.tnt with a quick freezing unit was established 



1 n 1 


St ii«»t n s< n 1 


.a thv. schDi^V I ho sohtHj) ^ hiUUcn loainud tt» v'perale this Locker 

iirawers^ \vJuc>i pctiviticd a ciiLk' yartl tjf col-.i sttiraf^c, were rented Tor a 
iit»miina) Ire tn th'* prtiple in the c<»mniiiiiity. In c*c>niioction witli this, a 
meat euttin ’ iind pi tirrs'.inii plant •in as . • .tal jlishetl. 'The students learned 
tn .-uf itusit in«.t to nue haetui, hums iiiiii sausttjHSs ; they learned to pack 
meat t'*»r tpivck riee/in>i t\o st<%ta4!0 in the Iriekcr plant. This venture 

m ihr «'-tahh.hnit Tit atal * »pei atniii ol liu* cold .sioi.i^e plant much 
tinpto%etl tlie ilrel of the pet^ple in tlie t'<.'niinun j ty In close work between 
the studi-nts aiMl llu' luctnbeis the coinmnnitv, suidies were made of better 
varictie-^ nl tariu antnuils In this way ihr (.pralttv of animals raised in the 
rvunniumty w..vs inipit'vcti 

\5 uch t>t the poultry raised na the ciimin unity was ot quality 

also So It was <iecided to hniUl at thoschoed a chick hatchery and to 
hatch hi^li quality chicks for disfrihiition ti> the I'coplu of the community. 
In this way the c}»u piodnciion of the ct>inniunily was greatly increased 
and at the same time the bi>vs anti t?itls were Icatninji about the selection 
ami broedm>i of tine animals and hosv to care for them. They wore also 
lcarnint» business mcthotls whitdi carried on in the comnuinily after they 
completed school. these pta'jccls for rued the basis of mtich of their 
academ ic woi k '! iicv v* c r e cai r yiiip. on Iihiaiy rescaiclics in connection 
with the various pi<ncets ; they vveto Icaiitinji accouiitinjt and ligtiring in 
connection svii h the business processes ; they tlevelopcLl skills at typing 
and book-keepiny, in c<.>nnection with these business piojecis ; they learned 
lo operate Tuachincry, to caic ft^r if and the jndncijfrlcs of its operation in 
ctmncciUHi with tiro operations of the tractor, the cannery, the Cf^ld storage 
plant and other projects not discussed here 

On Visiting the school one was impressed by the vitality and the self- 
direction of the students They learned many semi-skilled professions ; a 
number of them connected with agriculture, some with the machinery that 
they were operating, others included plumbing skills, electric wiring skills 
and the like. The satisfaction that they gained from learning to produce 
effectively and fr<im iniynoving the economic status of the community, 
served as stimulus lor long and hard hours of work and of study. The 
entire cominunily took on a new life because of the activities of the school. 

What about the cultural facilities in the community ? I he school 
auditorium was not used much during evenings, so the school undeitook to 
operate it in the evenings as a motion picture Ihcatic. In this ay many edu¬ 
cational films as well as entertaining films were brought to the community. 

But you say,- -this doesn’t sound like sc/tool to me. How did the 
children ever get into college ? Did they learn to lead and write and 
figure ? Yes, they did. They learned a great deal about reading and 
writing and figuring in connection with the many projects. A.nd for the 
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iast year the ten per cent that planned to on to ooile^c took formal 
instruction in college subjects to be picnarccl to pass the entrance exami¬ 
nations. Xhey did just ns. well in their examinations as otheis had done 
formerly, studying for 12 ycjirs in preparation fox such examinations. 

In India you would not oiganiy-c a school just as this school was 
organized in T-IoltviDe. Your connnunily oigjinization is diffeicnt from 
that in Ttoltvillc. You have difTeient ways to initiate piojccts, and to carry 
out such projects. Hut you c<^ulcl have closer tics between your schools 
and the block oiganization of your villages- The coticci ns and decisions 
being made by the [^anchayati leaders and the reasons at the back of 
these decisions could be made the subject matter for the classroom. The 
pupils could leain much of the content of the syllabus in a meaningful way 
by dealing with problems they will be facing as adults, by gaining skills 
they will need as adults, by acquiiing t!tc assurance that they can cope 
with the problems which adults face. 

Beyond modifyirjg the content studied to bring it in closer harmony 
with the problems the youth will later face as adtilts, there are at least two 
other things tliat you may do to make youi science more piactical ; 

(1) You cun have more experiments and dcntonstralions in the 
wScicnce classes- These experiments and demoiistjations carried 
out largely by the boys and girls will enable them to understand 
and use science to a gicatcr extent than they can ever achieve 
without such practical experience. 

(2) You can organize vciy practical applied science courses of a 
prcvocational nature—courses which yield an understanding of 
how the vaiious applications of science operate and of their 
significance in society. These courses could, be taught as after- 
school courses, or as science club activities. Some such courses 
might be ; 

<.ij Basic electricity. This could include experiences in the 
laboratory that lead to an understanding of such devices as 
electric circuits, the telegraph and telephone, electric motors 
and dynamos and magnetos, the ignition system of an 
automobile, uses of electricity in heating and lighting, house 
wiring, radio transmission and reception, including the 
operation of the tube, the radio-frequency circuits, the audio- 
frequency circuits and transistors. 

(ii) A.utomotive mechanics. The powei system, the electri¬ 
cal system, the fuel exhaust system, the biaking system, the 
power transmission system, the lubricating system, safety 
and cai e in the use of the automobile. 
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Mil) i-f;iv'iaiiii»fi, 

<tv1 t \»iuiut. anti sutvis.il ui the border mountains 
I he prt stUit. tn >n ;»ntl pioce-.sin>z t^f foods 
tvM Safe IV atitl fir .t-aith 

(’••H) I'he preventU'D and coiititd iif disease 
iVrtainly mucli f>f the enihusiasin ot the boys iLiid twirls to make 
ct>ntribiiti<u\ tt* natitnuil tlefence eouUl be well channelled into such practi¬ 
cal conr-^es ns the ones I have inentiv'xiet.1 abi>ve Hiit these courses should 
ntxt lake the place tif tlie mt»ie basic coiiises tif the cui riciilum. They 
should he in luldition to the icjiular cut i iculuiii. L-et us consider now, the 
natuic tif scient i', I his is the science that should he tau^ilii m the basic 
cun iciilurii 

■/Vie J^/jturt’ <it Srivnre 

Many schools ctnphasi-^te scientc as a luattci of luKirning about 
the physical world arul about the living: crcaiurv s in it. Wliilc this type of 
upprt>acU ht\s its place, fiir more eniphasiv, sluuild be itiven to science ns an 
intclU'i'tuat nvtivitv is at picsent. I bis inicllectual activity should be 

a part of alniost crvci s' vScicncc-rclutctl expericfice the stiiilents have. They 
shouhi behave as scionli.sis even be scientists as they observe and inter¬ 
pret natural phenotneita. 

C'tinant has dsttincal sctcnce as that portii*u tif the accumulated 
knowledp,tt in which concepts dcveU>p rrt>in ivhset valitvus and experiments, 
which concepts lead to further obscrvaiuxiis and e-xperimenish Science is 
what scientists dr> Science is ntn the phenomena ; science is the explana¬ 
tion of the phenomena. 

Science is (\mndcd <»n a belief in a universal order in nature, a.n order 
man can understand. iNewtt>n’s Law of Oravitiilion, for example, is a way 
of accurately explaining a wide riiirnber of related phenomena from the 
results of careful observations, experiments ;ind calculations. The moon 
is kept from flying off into space by the same ft>rce that pulls the apple to 
the ground. If Newton’s calculations were correct, ihcii he could predict 
the rate at which the apple w<3Ul<i be pulled Ui the earth. This he did. 
Because the scientist perceives nature as logically t>rdeied* motions so 
vastly different in magnitude as the fall of the apple, (»r the circling of the 
moon around the earth, can be accounted for by an exact llieory. Bridg¬ 
man refers to this conviction that nature is explainable a.s one of the most 
significant breakthroughs in the history of science. 

The explanations which constitute science are based upon facts, but 
we must not mix facts with suppositions ; ccrlainties wdth conjectures. 
Young people should have experience in distinguishing facts from the 
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explanations of these facts. Experiments ase used to get facts to verify or 
to reject the predictions made in accounting for what happens. 

The evidence fi om research, indicates that more and more children 
reason as adults do. This being the case, we must so plan our science pro¬ 
grammes that children have experience in explaining natural phenomena 
as well as in learning facts about science. Science becomes alive when the 
boys and girls have a chance to think scientifically and to experiment ; 
when they construct a model to explain something, when they conduct an 
experiment to check on a jTrcclielion they have made. 

The fun of science is in achievement, in gaining a new sense of under¬ 
standing, This understanding can be gained by trying !<.» explain some¬ 
thing, or in tiying to find out something 

Hnw> to Y'ench Scit’nre* so elicit Students A.ct‘ijunt J'ar Phcncnrientj 

Suj^pobe, foi example, that students are interested in the formation 
of clouds, ITow do clouds form ? E>o they foiin like dew ? IDew forms 
when water vapoi condenses on a cold object. The conditions for the 
formation of dew aic moist air, a drop in temperature and something cold 
for the water vapor to condense on. If clouds foi rn like dew, then we 
could make a cloud in a bottle. (Oeinonstiation) We could have the 
bottle filled with moist air, we could cool the tempeiaiuie and a cloud 
should form. I-Iow c£in wc cool the air in the bottle ? You know that air 
warms as it is contpressed and cools as it expands. Pei'haps we could 
waim the air by blowing in the bottle, and then cool llio air by letting it 
expand. Let’s try it No cloud forms. What is wiongwith our theory 7 
Perhaps there must bo sonic dust in the air on which the water vapor can 
condense. So wc will put in some smoke to serve as dust particles. A.nd 
when we try warming and cooling the air this time a cloud forms. So 
we have confidence in our knowledge of how a cloud is formed. 'We have a 
bit of tested dependable knowledge. 

TvTathematics can be used to make the findings of science more 
piecise- Suiipose, for example, teachers want to help their pupils under¬ 
stand how the atmosphei c is warmed. According to one theoiy, the earth 
is warmed by tlio light of the sun, and then the earth radiates energy as 
radiant heat energy, which radiant heat energy warms tho air Just above 
the earth’s surface. This theory can he tested. The air over land 
warms faster in the day time than the air over the ocean It must be 
that the land surface warms faster than the water surface. If this is 
true, we would be able to test this prediction. can put et^ual samples 

of dark soil, light sand, and water in a refrigerator ovciniglit„ then place 
them in the sun and see if the soil and the sand wa,rjm faster than the 
water (Projection of BlideR?. 
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When \vc <io this we tuid ihsit the dark .stiU wui nis faslesl, the light 
sand next and the water the slowest. So our experiment verifies our 
prediction. A. second prediction can then be made, namely, that if the 
air is warmed i>y ratiiant iicat from the earth, then the aii near the earth’s 
surface should, be warmed nrore than that a little way up, and we should 
be able to measure this difference in temperature by placing thermometers 
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at diffeicnt levels. Wlieii wo clo this wo liiitl oui piedictioii is verified. 
Xlie air neai the earth is warmer than it is a little wtiy above as m shown in 
the following grai-)l-i : 


Ir.M 1*1 U>V I O Itli 1 IMclClN IM. Illi, SUM 
I’l'Mi*! R'\iiJrtis Aiii* Ai vA.i<.ioos iiiioiiis 1'ie.ora iiii'. iriioown 
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Again wc have eoiifulenco in our explanation loi wo luivc verified it 
by <’:-tperiment. Still a thiicl pieOietion can be macio, namely, that if we 
shines light on a jar i epi'esenting a loom, tind have tVie backside painted 
dark, thes dark oolom will absoib light energy, become waimcd and the air 
inside the jar will then bo warmed considerably -♦much moic than a 
similar jar without any black paint. When wo try out this experiment we 
find our picdictions also tt> bu coiroci, as is shown in fJie Tollowing table 
and giapli. So wo build conriclence in onr explanation t>F this natural 
phciiomennii. 

>vir»A RIS07V n.-vos A. I wiiiuii 1 >.ak.k: awi> 1 

Jaf*s ari’ WAUMiio IN Sun 
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T iiitc; m Niiiiii(t*H 

Hven in oiin nccttc m witb applied .soicficc, ,sl\idcnts can devise experi¬ 
ments to tost predictions aitd account for tlic t*pciation of ccpiijimcnt. Por 
oxatTiplc, i\n expoiintciii can be dovn od to test the ctVcctivoncfis ciiRerent 
insuliiting materials I'lio above aic but x\ few of the many simple 
experiments that cun be done to ^iive sitivlci^ls experieneo in accountins for 
the things lliey <3bscrvc in thoir iruturxil environniont. 

Tn teachin-g sc* as to involve sdulciits \ix guessing expUinutiotis and 
then in planning, experiments to check on the consctincnces r'rf these predic¬ 
tions it is helpful to think in terms c>r tf-rhen proposif/'this is true, then 
this should happen. I'hcn expcrirni'iits ciiii he devised tc3 see if the ‘then* 
happens. Xhc ‘then’ i.s the test of the vxilidity of the j>redictions. This 
cun be illustrxitcd in iiixiny way.s, for example, by studying, the conditions 
necessary for a fire, and predicting how fires should be extinguished. A 
candle may be extinguished by covei ing with a test tube (su/rocation), by 
blowing it (cooling below kindling temperature) or by adding a little water 
to frco 2 :e the wax (removing the fuel). Likewise students miglit consider 
how to extinguish llot fat lire, xuid picdict that wiiier would sprcxid it 
rather than extinguish it. If this is .so then a little bit of wax could be 

heated over a candle in a small spoon till it catches fire- If tv little 

water (a few drops) are added the water should spread the fire. V/lien 
tried out this is exactly wliat happens—for the water settles to the bottom /c, 
turns to steam and blows the burning fat out into the air. The verification 
of the prediction gives confidence in the knowledge one has about how 
fires are extinguished. 

In coTxclusion, may 1 say that everyone needs science ; one needs it in 
one’s daily life ; society needs technicians and scientist.9 ; statesmen and 
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politicians need it to make wise decisions ; and finally the man on the 
street needs it to make wise decisions as to who should serve a leadership 
role in his government. 

Science can be made much more piactical and hence become more 
effective in our daily lives and in our defence effort. 

To a considerable extent each of ns takes on the way of the scientist, - 
a way that inakc.s us live more richly and more effectively and enables us 
to make a more significant contribiilirm to the society in which we live. 

In teachina science we must arrange a situation so that boys and 
girls do carry on expei iments, they use a scientific approach in coming to 
sound conclusions, and they understand the coneiiisions that they have 
drawn for they have tested tl\e con.sei_iiieiices of their predictions. 
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f Ilf 1 ' 'll tc . »iv t ht’ K Tvf I n'.f .li n;i" ‘.V I I'l. .It u»n 11 mii .Scluml, AhiuetlAhad 

vk IS tt 1 tti ' r !m)Vc Mtal a ■ pri-rrAinu r i. miUl in.uJt* iiiuloi lUc* I'liosonl cxAimnalinn 

s-'oi*i, Aiui I'ur ‘st,iis‘ s i!.ik>us ■ oiilkl coil- li‘‘cl t Ilf* 1 '* a rcsiili nl' tlioir study. 

OtiMiij* the >e:iis 11'ih 1 iiiuler .i pinsaainiiie of scliotil impiove- 
niont, the Sck:uco Tleti.u tmi.nt eNpenmeiitcci willi cci tain iiuiiivations in 
tcachini; trehiiKiii;-'! in Oenetal Science, in stantlatds VIII and IX. The 
maicir Dbiect'ves diil nnt sties*, on n.ivin" infen ination to pupils, but 
they were diiectcd to chanyes in the behavimi i of pupils with emphasis on 
petlinp. pupils to develop a scieniilio attiltuie. 

Hesides the yenciitl ohieetives mitlinetl foi the cour.ses in each 
standard, the folio winy specilic obiectives \i.eio lormuhitcd : 

.SlU'.fll'K. tlll.ll-( I l\ !■ S <)(•- I l-.At'llliNi: i;i-,Nl.KA.I. .sc lINt I', IN 
sfV NIIVUDS viir ANb IX 

1. I'o develop abilny to apply scicnliiic knowledge in cveiycluy life. 

2. To develop the f illowinjt skills in pipiils : 

(a) (laiidling laboijitoiy appaiatus 

Cb) IIandlini> instruments and appliances of everyday use 

(c) t'onstrucliML' scientific instiiiments, toys, etc. 

(d) Impi ovisinj: certain models 

(e) I’rcscrviiiB insti uinenls, models, objects, and .scientific 
materials, 

(f) Oravving charts, diagrams, and sketches. 

(h) Prcpaiing slides of .scientific specimens, objects and processes 

(i) Collecting datti and organising data ttiblcs and graphs 

(j) Presenting data in a scienlific way. 

3 To devclo]! the ability ofoitd expression in using scietitinc terms, 
facts and piinciplcs, : 

(a) C5ral cxpiession 

(b) Oral description 

(c) Oral di.sctis.sion 
(cS^ Oral narration 

(e) Formulation and oral expression of ciue.stiuns, difficulties 
and problems. 

4. To develop the ability to interpret scientific data in tabular, gra¬ 
phic or any other form. 
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. 'To cicvelop seieiitiiic ii\tcicst 
(ci) Cuiicnt cltivclopnienl 

(b) Kcaclin^? sc.icntific niiiteiiuls 

(c) Vi,sit *ri£' pkicjcs t'T scienti£io interest 

Ctl) C^ollcctinjJt scientific t«>ys and scientific ;ii')pliances. 
6. Appi cciiitinn in .sciem.o . 

(a) Impact oT science t^n liviiijj, and social life 
(b> Wiiti!i|i of dilVercnt iiiitliois in seiencti 

(c) L ives and woik of ^jreat scientists 

(d) Ileauly of nature. 


NOTii : N'r<')st of tiie.'iC objectives will be <,ojTiniori for standaids Vltl 

and IX llowcvci, tlie degree of complexity will increase 
witli ihe growth of the pupil’s aclticvemen t. 


A icorganixation of the present general science syllabus was made in 
leims of problem -centred science units iclated to the society fiorn which 
the pui'iils came. teorguniyiation of the syllabus so woiked out is 

given below. 


S't AN i:>AR/:> Vlll 


1 'fnii OCI'AN OF Ain IN WHIC'W WH I-IVR 

A.ir, constituents of air, how air can be kept pure, cfi'ccts of sunlight 
on air, ventilation, aitificial and natural suffocation, arliftcial respiration, 
mountaineering, effects of reduced pressure on breathing, almosi>heric 
pressure, its measurements, simple barometer, its construction and uses. 
Nleasurements of altitudes, combustion, burning of a candle, carbon- 
dioxide, preparation, properties and uses of combustion in the human 
body, exhaled air. 

2. PFWIC7IUnN-THF. V/ONi:>liR r>RtJO 

Organs of breathing, elementary notions of pharynx, larynx and 
wind pipe, bronclii, lungs, study of respiratory system, resj^iratoiy ailments, 
cough and cold, hronohitis, pneumonia, penicillin—the wonder drug- 

3. What mapffns lo tub fooo tak-KN hy tub uoi>y 

Organs of digestion, teeth, tongue, gullet, stomach, intestines, liver, 
common ailments of digestion, laxatives. 
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l ) U^'^v W W I P M A, I ir K I f ,AV> S 01 - £t IU>I>V 

HIxcreM<»n. • of t *aci oiioii, kuliicy tin<l l-)lriddei, skin, its vStruc- 

turc rjinrtiLui , ;,kin tl ? ‘ riny, \v< >rni, seahjcs, small-pox, measles, 

cliicki'n-pi, lh« 'u pi t’voiil liMi 

^ fT<>\V \VI' C‘CH>K < »l 3R l>MT.V ICK)1> 

f-'ood law and v o.vkcal when cotikiiij' is nccess:»ry, mill ititiii prob¬ 
lems, tats tind oaihi^hyiK ites, and elcnientaiy m^ttL>ns of dietetics. How 
heat tiavels, conduction, con\ection, riitliation, everyday application of the 
principles *>f li ansfcience. therni<''S flask, Oavy's stifcty lamp, polished 
surfaces, cxp:ui>i«iu of solids, liquids aiiil pascs when heatetl, practical 
ap plicatious. 


r» l^rxNrs ritAX ]i*Ri*rAKi ioot> lou ns 

Soil as a stoiu house plant r<'»<'d, types of soils, natural and 

tulificial Tnaniircs, nip:lit st>il, tirow nioic foot!, meihod of i^rowing staple 
food such as rice, wheat, bajra, jowar, inaize, onions, and pi>tatt>cR, local 
ve^L’ctables and kifclien i'ardcnini». 

7. <.Tt)r)i> fiiAi..rii f OR von ANi> yoiiK c'ommiimify 

Personal hygiene, rest, sleci>, work, exercise, cleanliness of the nose, 
hair, mouth, nails and sex t>rgans, selection of pumper clothing, habit 
of personal cleanliness. 

K. How WH ANLi AMIMAT.S MOVH 

A. broa».l study of skeleton as a whole including bones, joints, 
muscles, voluntary and invtiluntary muscles, biceps and triceps, diaphragm, 
movements of snake, earthworm, H7:ard, sc<^rpion, ants, bees and birds, 
fish and j'elly-fish 

9. C'AMI-HA as a MAM-MAOT? f.YU 

How light travels, pinhole camera, rectilinear propagation, of light, 
principles of reflection, multiple images, mirrors inclined at 90“ and 72* 
kaleido.scopo, simple mirror, periscope. 

to. How NAVioAXORS i- 0 c::Arii mui t ‘iion 

Magnet as an aid for navigation, fixing direction.s, na.tural and arti¬ 
ficial magnets, lines of force, magnetic poles, laws of attraction and 
repulsion. 
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STANT>ARJ> JX 

1 How WF CJIXOUR 1>RINKINC} WA JIC'It 

PurificRiion of water, clecantiilion, riltcration, boiling; and distillation, 
use of disin/bcnints, sucIi Jis chlt>rir»e, bleaching powder, aUini, jiotassiurri 
permanenate, water box iiu cJiseusca sncli a« cholera, typluoid, dysentery, 
their prevent ion and cure. 

Boiling, cd’ccts of dissolved substances and piessuie, papin*s digester, 
domestic cookeis, cvapoiation and cooling, earthen vessels as watercoolers. 
Heat and temperature, construction and uses of different kinds of 
thei mometers. 

Effect of salt on free. 2 ing point, icc cicain. 

Hard and soft water ciiuse.s, liitlier, soap, elleca.s ol'baid xiiid soft 
water on washing, scsflcning of water, what living things aio made of— 
amoeba, lepair and giowth in living things. 

Effects of evripoi ation in natuie, condensation, formation of mist, 
fog, dew, and rain, humidity, wet and dry bulb thci mometer, elfcets of 
moistuic on iron, iron rust, galvanised and tinned iron ai»d other methods 
of preventing irt^n from rusting, Archimedes* principle, i:ip>w:ud ihrnst. 

2 THEt MILK THAT WK IJSI? IN OL7R OAU-Y l 

Food, samples of vegetarian and non-vegctaiian balanced diets suit¬ 
able for Indian climates. Build of the body and its relation to food. 
Food values of nitrogenous foo<l, cereals, pulses, starches, green vegetables, 
fruits, nuts, milk iind milk products ; cheese, ghee, butter, biittcr-milk, 
mineral salts, vitamins, spices, common drinks, healthy and harmful, food 
poisoning and tinning, use of lactometer, floating bodies 

3. T-Iow XIlUV/OUNO OEiTS HEAI.FO 

I-Ieart as a pump, Iietirt beats, pulse, auricles, ventricles, valves, circu¬ 
lation of blood, main arteries, veins and, blood capillaries, constituents of 
blood, red and white corpuscles, bleeding—'its control, pressure points. 

4- 'rUH HICVCI.R I R1E>K ON 

'Wheel tuid its working, gearing and motion of wheels, friction, kinds 
of friction, their utility, advantages and disadvantages, lubrication to 
lessen friction, ball bearings, brakes, why tyres of wheels have rough 
surface, gravity and equilibrium, kinds of equilibrium. ISTccessary 
conditions to keep body hi equilibrium. Elasticity—clostic substances, use 
of air elastic substance in pneumatic types. Uses of spring as elastic 
substance in different vehicles. First law of motion 
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' \ 1<1\V Si H'NI> I X J'K' aji t t 1 > 

\\ r»*ii , 1 - au^l v,ouiul, «>t siuiinl in solid 

Uvjiiit.* anil o| sotnul, biiiui. its diircscnt paits and their 

wt'rksa,' ''vpiiuil (.oid anil its ',v*»ikina Sen-»4ny norvcs, motor nerves 
n»'r%v* ii'll. <,t>ininon i idloxe - Hi*iU:c'tion td s*»iinii and enlit^es 

f« I r n I’tMMl fs s 111\ t 1 n \ I t < M jKs < a iFt i t »i>s 

rhv‘ ail v/i* oroatho, pit-s-^nii*, pumps, siic*tii>n ;inil cum pi ession, foice 
pump, stt^s e juinip. sipluvn ami iliish uinks 

7 11 < I\v w 1 1 I t l f IM I 

Ills- «.loK*k. pariiluhiin, TcUition between liai|i.th and pei kx .1 of oseil- 
lalinn- Tlic study of moveincnls of oomslell ilit^ns like, the Oical Rear, 
Cktssiopem and plaitcts like Nlais, Jupitct, and Vanns. 

S, T‘m. t*lNI-NJA llfAl I n: I 1 K 1 ATNS I S 

I[<jw lip,hl navels, beudinj* of and ieUa*ai*»n. lillVcLs of icfrae- 

lion, mlrtois and lens l*cisistanco of vision. 

< >l u< StOI>lR>J MIAN’Sin < < IN* VI V vs,* I- 

Soniees <»f powei . stctiin »iiul pelnd, 1 * >con\ol i ves, inoloiears and 
aeroplanes. 

NiPV. irovv wi'.idy WKRK on.iKt'rivi.s \< uncvi-.o ? 

"I'o assess the elVectivencss of the new tippioach, a Cvirefiil count was 
made of the number <.>f journals and bi^oks iisctl, liesitles the tests. Under 
the iitiidanco of an evaluation ollicci, unit-wise {ichicvcment tests were 
given Pliice.s visited by pupils, models prepared, ami other rcsr>urces used 
were also noted 

A summary <sf results from the pihit project in one unit, //r>vr Tell 

Our Tinic\ in standanl TX, follows : 

SlJ^■T^■^AHV OI' Hl’lSUr^IS 

(a) The reading habit of the expciiineulal gititip was clearly obser¬ 
vable. The number i^f bru>ks on general science and jotirnals refericd to by 
each group during the course of the experiment was as follows : 


iirtfup 

Nuitthvr t*/" 

finfubvr ifTboak.v otc 
ft'titl hy vtiL'h f'rtfifp 

A 

15 

1 'Fexthook 23 

Y% 

14 

1 Textbook — 20 

t: 

15 

1 Textbook. — 2n 

Control Or«>Uf) 

1 5 

1 ’Textbook - - Nil 
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(The olass from winch the control jiroup was selected was lormed 
from every third pupil from amonfist the ranks assigned from the previous 
exam inatioii) 

The above figures show that the pupils of the experimental group 
showed interest in reading hooks and journals on general science. 

Cb) The pupils (if all ttie groups finelriding the control gioup) were 
administered tlio same tost at the end of the pilot project. The test was 
assigned 45 murks in all, hiLving one score for each item. The answer 
papers of the pupils wore assessed accordingly by one examiner. 

The scoiGS of both the control (15 pupils) as well as the experimental 


group (44 pupils) were combined for statistical analysis 



Si'orcs 


t'^rctjittzTicy 



3 5 to 39 


lO 



30 to 34 


24 



25 to 29 


V7 



20 tt> 24 


6 



15 to 19 


2 





N~ 59 


The whole group was then 

divided into three parts 

Those below the 

first quai tile were given Orade 

c. 

Those between the 

first and third 

quartiles were given 

Grade B. 

Those above the third, quartile were given 

Grade A 





The following 

table shows 

the 

results of both the 

control and the 

expc'i imental groups in percentages 



Group 

Graeic ri 


Grodfi li 

Girtliio C.' 

t'ontrol Group 

o% 


46-6% 

53.4% 

Luxperimeiital Group 

22.7% 


70.5% 

6 8% 


The following tables show the results of each group. 


Group A 

.S'cori'.v 
35 to 39 
30 Xo 3-4 
25 to 29 
20 to 24 
15 to 19 


Ufada -4 

No. of pupils 7 

Percentaee 46.6% 


T‘reeji4i*ncy 

7 

4 

4 


K.irad*' B 
S 

53.4% 


N —I'i 

Krrueie < ' 
O 



i l\- 


SC’IH.H>U S< ll.biC'l' 


r/tmp H 


Mn, of 
I*cii_cntvt4;fi 

C 'ant ret I Cjrotjp 


1^0. t>f pppil-^ 
l^crccntarto 


X r» 

;re‘.T 


f rc cjicrnc y 


In IV 


i 

3 ) 



S 

75 

to 7.V 


4 

7n 

tt) ?‘4 



15 

to rv 


2 




W 14 


<.iratfr .•! 

tittitit' is 



i 

14 



f.'*: 




.SV<; rr~% 


/ n y 


.3S to 30 




30 to 34 


4 


75 lo 7V 




7(1 to .’4 


t> 


15 to IO 






W I 5 


<rr<ltte ri 

<srciiit' If 

f » j'tttix 


0 

7 



0% 


53.4': 


Gracia l: 
O 

0% 


'IIic5 alu)vc statistics hli<^w dcliaitt', inipi<»vemcnt in perf'oiniance of the 
class iti the experimental jiirc^ups. It is duo to tlie methods employed by 
tlic teachers in chaif^o of experimental ^roiij^ 

Cc) Xhe pupils of the expcmnontal proiips spent on an average about 
two hours per week over and aht>vo the schecluletl hours in the time-table. 
Xhis was ananged at the initiative t>f the pupils. "I'lie control gioup did 
not spciui any extra lime over iincl ahove llie schetluled houis in the time¬ 
table. Xhc jnipils c^r the control group spent a few hours of the school to 
observe anti stutly the constel1aln»ns, stars, etc. 

Cd) Suggestions icgaiding the types t>f models to be prepaicd, times 
fj>r meeting after th «2 scluxd ht>iii.s, etc,, wcie matle by tlie cxpciimental 
group. No such suggestions were made by the pupils of the control group. 
Xhis is indicative of the degree of initiative .shown by the experimental 
group. 

<c) OiffcrGuces among the stib-groups were not widely noted. 

(.f) Xhc pupils of diflerent cxpciimenlat gioups discussed various 
sub-topics of the project. During the discussions it was noticed that the 
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pupils were eager to oontribute, to make son-ie suggestiorxs, to inadervStand 
tbe speaker, etc. 

(g) C-ompaiing the iriitiative of the Oroups 7S^ arid B, and Oroiij^ C, 
it was foiiiid that tiicrc was less initiative iii the matter of suggestions, etc. 
on the pait of llie pupils in Oroup O, whcie two teachers wore in charge, 
than those of tlie Oionps A and B. vvheie one teacher was in charge, 

C’ONt'iaJSK >fM 


(j) Js\:pc'r i(?ftc(* oj'tfia pupils 

(a) 'fhe pupils found themselves ejuite at home with their work 
because they could work at their own pace. 

Cb) This appioach to teaching wjijs Fonnei by them more helpful 
in their learning process. 

(c) They found a lot of freedom in iheir work 

(ii) E:<periences oj" trac/ic*r rn charfxe aj' the pilot project 

( 21 ) The pupils beciimc regular in their home assignment and in 
other activities after this method was adopted. 

Cb) The pupils were found interested in this project even though 
the time selected was just before the annual examination. 

(c) The pupils had a variety of learning activities which provid¬ 
ed a scope for selecting their work according to their 
aptitudes and abilities, e.g, the pupils having a good hand 
writing and proficient in art undertook the work of writing 
and drawing. Pupil having the facilities for preparing cer¬ 
tain iron spare parts or having some training of carpentry 
from his Fiither helped liis sub-gioup in preparing the 
wooden parts of different models. 

(d) The group discussion method employed during this project 
was found to be successful in promoting self-learning and 
in materitxiising the objectives laid down in the plan. 

(e) The experimental work which supplemented the group dis¬ 
cussion method was also found successful in developing the 
different skills mentioned in the plan. 

(iii) Observations oy pidpils’ achievements 

(_ay The pupils read and referred to useful hooks and maga;£ines 
and other materials. 
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<<.*) I i’v pu]’iS.* ■.Mp.icity r*' f lui teri;il-s conectcci tinci to 

M'fe' tVu p >1 ‘■vt'll \ Uiy pj»i 1 >lrni‘, v.;is notictjcl. 

'H Tht' pnpil - v*cr<.- {ciunci 1 >pk* ra 11\. o lo tin? toucliois as well 
IS aiaoiit’ 

ft*' Tlir puptl.' sa'juMal .ith u*\ t*ai t'n t m * ttniiiai i*>.oii to the oon- 
Ttt'l w.t . si t't 1 c ii.aH y siipoi i i tr, 



CASTING ANIMAT XRACICS IS ENTERING 
THE WORED OF WITD ANIMALS 

M. SUTAIllA. 

Sponsory St-tonce Club, S)irce Vtclynnagar Sliyh School 
Usntanpura, Ahmeclahocl 

If you are curious, anti like to create things, and collect, then casting 
anirnal-track-S will take you to the amazing world of animals. 

A plaster cast is easy to make. All the materials you need are : a 
packet of plaster of pans or dental plaster ; a bowl ; a spoon ; a stick ; 
thick paper ; paper clips ; used tooth-brushes ; and two or three paint¬ 
brushes. 

As the actual tiacks rarely htive peifeet details, tiack.s for casting 
found in nion.soon will be better than in other season.s. However, tracks 
can be found all the year round in sandy beaches. Easiest to cast are those 
in mud or clay ; most diflicult are in dry sand. Best places to look for 
them are on trails along stream-banks, and the woods after a rain. Even 
a zoo can be a good place for easting, provided the authorities help you. 

The desire for writing about our collections was not so intense, till 
the plaster mould of a I-Iimalayan bear’s footprint was obtained by my 
young companions. I now believe that this plaster mould in itself is 
going to become an event in the sense that it will excite the world-wide 
imagination of many, those who have been taking keen interest in the 
Himalayan Snow-man. "We have heard quite a lot, and there exist many 
fables about him. This strange name, however, came to our ears first, 
in the year 1933, through a well-known mountaineer Frank Sidney Smith 
who claimed to have seen strange footprints on the snow-covered peaks 
of the Himalayas beyond an altitude of 27,000 feet. Eric Shipton was 
another person who not only found the foot-prints, but also collected lot of 
information—of course based on fables—from the ‘Lamas’. He was 
then appointed to investigate tliesc beliefs, by obtaining some evidences 
if he could when he was sent again to the Himalayas. All that can be 
concluded from what Eric observed is that the foot-prints were excep¬ 
tionally large and that they resembled the human foot-print. He could 
not, however, procure any pari, either living or dead, of the Snow-man, 
which could strengthen the belief. Men of many expeditions have made 
mention of the Snow-man, but have not seen one, except perhaps as an 
illusion when they were in terror. 
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St'IICKU SflJ 's.<'I 


Vid p a p" H\r tir■^t k?io n iinnifH-imeiM . \vM)tc i\ book in 1899 
vvhcrt’in hi.* al i : i r i:<’i fmintl very foot-iTi ii\is on the way to 

niat h:^ i i hcv<.il ibvrn to In'- ihc rooi-]irint-. of u Snow-man about 
wfnnit !t>' li ’ I vai'.l t'.ibU*. 

A a ^ " ii • ,i.u » all lho .^‘ who had s<iinc*rhiny. to sciy r>n the Snow- 
Tuan H'.i, .• unv (frd to by iho I.oi\tlon >^o(.>loj>ical Society. 

I\ r<, Mr \.v h. 1 . t'fubl. f! ifjvio t’ront viiutui'. c<uncis of the woild were 

do Idu.l iiito tv o C >nc of the IV. o pitnijis believed that the facts 

abiuU fiic S’!!-'., laan v.’>Me -xU ixtbbi.h and isn.v4*u\aiy, ;incl were based only 
on fabk -'. 1 in >■ al-,o *id til,it tile fo«,it-pi if\ts ss hirh were piesetited 
there m the b> m »»t’ phenop.t aj *)i-* a-^ an ev!<h'nee of the Snow-man’s 
exiM\'nee, coiUd po ’-iblv be tlitr s- iifthe Iliniala},au liear. 

X'o one so I hi^ evoi * vbl.iinei.1 the pi.eaer mould of any sucli foot- 
ni,.uk'‘, and I van id u n that we aie tli,* liist i o po>sc>s them, .since no 
tine fia> ptodvtoiMl any j-neh {ol'ereaicc s'ii\wlieie. either by an indiviclual 
or an evpedrtion, so fat as the Sruvw m,iri''s u jot-iTi inis are concerned. 

1 he cU iptioTTi of tlio pin-^topi aphic foi>i-p*, pi'*-'*'' hy l a ic SInplon is 
e.s.aetly tlie ‘"ame a*t the actual pla-tct ntonfl wo ha\c recently obiahied 
id'a llnualaviu bc't. {)lim;di>an IlKmk IKmj .S\'h'/uJf rff>.s 'J'/iihr T'antts) 
fonr \ cai s olvl 

Wc ^lionidN' Irclivwo tiiat the Smv.s in iii novei existetl and (ho hirgo 
foot-jn in tv obsam.%1 dm my all the t;\pcdiiion > must have been those of a 
boat, 

When this was inKlert.ikcn by our science club, wc never 

had any inlcntiv>n oilici than dial of inakiny mu boys ijiood naturalists, 
and tu tlvO tin m take intcic^t in the study of' wild animal psychology 
and difir ciuious habits, N\‘e iiavo so far collectcil more than thirty 
plastex- moulds of various wild and tame aninivils, besides that of a bear. 
Anioiiit t»ur collection td’ these moulds, Ifie plaslci-cast of the only 
white ti/Tor ui tlic w<.)iUl, Mohan’s son Siillati's fool-jirinl is unjQuo* 

1 sclcctcvl a team of foui very active and intelligent members from 
our science club for the fiiitposc. Most tvf the c.-ists wc possess are of the 
fool-inarlvS of animals from K^ankai'ia Xoo, taken with llie kind co-opora- 
tion of the /;oi) Supei intc.ndcut, IVlr. Rubin lJ)avid. 

Mi'/ruoTi oi- CASi'iwri 

Stc^p 1. After finding a track, carefully brush away twigs, small stones, 
and excess dirt found in its immediuto vicinity 
StGp 2. Xhen use a cardboard strip inches wide, to surround the 
track. ‘Fasten strip with paper clip to form a sort of a dam. 
Push down this ciani lightly into earth. 
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Step 3 Mix pliistei of paris to a consistency of thick ciearn. (Let the 
plaster be put into water anti not water into xilaster) Pour 
cicain slowly over track. 

Step 4 After the plastct hartlcns in about lO minutes, hft out the panel 
caidboard 'I'hcn paint afici scvcitd days to [live a linishing touch. 

These, pla.stcr easts can be turnetl into iiiteiestine wail decoiation.s. 



CLASSROOM KJCPERIMENTS 


l^HRMANENr SCIliKCB CHARI’S WITH PLASTIC TUHES 


Churls uivi usuully inudu vvilh Indian ink on drawing paper. Colours 
are also used. 'I hc chat Is are pasted on to ouidlronids and Iiuns on the 
wall. There me a few drawbacks in the charts made in this usual way If 
the cardboard i.s not thick enough, the charts bend inwards. Of course, 
this defect can he remedied by nailing tbc four corners of the charts to the 
wall. The Unc.s cannot be drasvn tViick enough to make the details of the 
chart visible from a distance. 

Charts prepared by itsing plastic ttrhes and plywood do not have 
these drawback.s. Further, they can be hung artrstrcally on the walls. 
They can bo cleaned with a wet cloth. Besides, the charts are more durable 
than drawing paper charts, 

Mdti’rial aritl avTotlmc/s 


Plywood from tea chests, plastic tubes of vaiioirs ci>lours (red, blue 
and green), coloured varnish paircr for backgroirnd, li cm. wire narls or 
oraUlite to hold the plastic tubes in their places, arc the materials required. 

The two .sides of a tea chest are placed together and .secured behind 
with strips of wood so as to form a panel of wood about a iiietrc long 
aud 50 cm wide. The suiTace of the panel is made smooth with sand 
paper. Colouied varnish paper (usually yellow or red) is pasted on thi.s 



to form a background. Coloured paper slips are also pasted, to form a 
border of about 3 cm wide Then the chart is drawn orr the panel with a 
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pencil Plastic Itibcs ot smt-iblL- oiloiii aie nailca in yiosition giving a 
3D-circct to the cliart riie vnii.iii, p.iilsnie Kilv.-lh tl and nuirihcred. A. 
descriptive caplimi r. .itUietl c-s fil.lining the' vtiriinis ,tcps ttl' the figinc with 
reference to the lunuliei , put on tin- elnu I the eoniplcti: clniit is ooveied 
with a cellophane dua-t :unl .leiiit-il with nail-; on the iindi-i .siilc. I'hcn 
two hooks aie u'^ed ■ni i h .■ ile -i! fli ■ >liail isio-.v, i! can he hung on 
the wall at a snuable iiI-hl- 

Some very insti in ti\-■ cli.ir tc.in In- ni-nh Ih.s w av lo .iitiacl and 
hold the athnlion ol -u inlenl-. f Vii/, rsnini/i,.S'en-nte, an t-.ncyelopacdta 
in pictuies has veiy in-.li u-tiv<- liiajrianc, -a linh could he- iiiatk into charts 
and used in the si hools. 

P. N. V. Rao 


I t )R "VIA 1 rt i-n; 1)1-' t RYSIAt.S* 

Crysttill la-atiou c. mcili-ul hv -.vliicli a siih .tanct, can be purified. 
When crj'.stals aio huine.t, tln-v u ii illv leave h.-hitnl any iinpuritie.s that 
were in the oi iftiinil -.nli.hiin.e When tlic s.ttnrated lailiition of any 
substance is ttllowcil to t-ool the -nh-.i.inec dissolved separates out as 
crystals. The nnne. sl.isvly eiv-.nds .in- foimcil ihe lamer they will bo. 

Salt Crv.stctlx 

Fill a glass j.ii with hot -.vatci. Asld -..lit a> long as it continues to 
dis.solve Have ready .i picev of caidboaril from which a piece of string is 



hanging- The siiinf^ ni-y liv ihie.tdvi through holes punched in the 

Pnini /;>nrcw-r'nis- t l/cni, ■ -i . f li.- i' s'n R . < "i .c'-er, I tanann - Hrnw A rVimpany, 1*359, 
pp. 170-73, 
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SC innn. sen 


nuclcllc ot thtj carclln>aid* Tike sliinji .sluuiUl be just loii^ enocigh to reach 
the Txittoin of the jai Weirzht it jit lUe entl by tc:> it a small xniece 

c^r metal such as a hoU, screw c^r nail. h>iop the strint^ into the hot 
scsUitioa. C’ovci the iat willi the earclhoarcl and [ilace the ]uii iti a quiet, 
warm place where it will vei y jiiiicUially Watch the experiment as 

salt crystals fcitm on the stiiiip. 

After a fesv days, yo\i shckUUl luwc a sti injt of larjic crystals, -which 
yt>u can lift <iut of the I’ai. 

Hock C 

crystals of su^ar can also be ftirmcU in the same way. 

Tn a clean pan, boil thicc-fourths of a cupful of water. W^hile the 
water is boiling gently, stir in granulated siuiar, little by little till no more 
will dissolve. It will piobahly take more thiin two cupfuls of sugar to 
make a fully satuitited solution. 

Pour the hot solution irtto a glass tumbler. A silver spoon placed in 
the tumbler while the luiiiid is being poured will absorb enough heat to 
kcciT the glass from cracking, then jcmovc the spoon. While the solution 
is still hot lay across tlic tumbler a pencil to whie\\ you have licil a I'jiece 
of clean cor.ton stiiitg. Hang the .siiing in tlie solution. Weight the 
bottom of thestiing with a small, clean metal object. 

Set the tumliler in a epnot, warm iilacc. 'Fhe solutions will cool and 
then evaporate slowly hsaving behind large crysiiils of sugai Itanging on 
the string. When the ci ystaIs have stopped growirig C^^tially in two or 
three days), the rock candy is ready to be eaten or to be added to your 
collection of home-grown crystals 

Kliy;abeth K. Cooper 


C'HHMIOAI. I'RKHS 


yyic L.catl 7 'rcc 

Afotcru/ls rcqmrcci : bottle, lead xicctute, a jiiece of z;ino. 
h^cthocl : Oissolvc a quaitcr ounce of lead acetate in half a pint of 
water. If the solution is cloudy, let it stand till it is clear, or filter it or add 
a little acetic acid. Suspend a j^iece of zinc, so that it piojects into the 
upper part of the liquid (Hig. a), and leave the bottle where it will not have 
to be moved. Fern-like crystals of metallic lead gradually grow out from 
this zinc The last formed are usually the most beautiful 
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The Silver T^rce 

rtjquiri'd : Sjnall cJoan t»lass bottle and cork, silver nitrate 
(J gmO distilled water, piece of copper witc. 

Method : i:>issolv"c ci small tiuantity of silver nitrate, about i gm. in 
an ounce of distilled wiitei. Pour into ii small dean xtlass bottle or a test- 
tube. PiisU a sUort piece t>r clean copper wire into the cork and let it dip 
into the liquid. A heautiful jrleaminij pendant crystals of silver grows 
down from tlie copper \v ire />). 



L'ie. C^r) T-eacl Tree JFie C^) Silvcir Irerts 

ExplcotatlOJi : Tire dicmical reactions are simply tbe replacement of 
one molal by the oilier. 

(I> Zn -t Pb CCaT-IaOa)!. = = Zn ( 03 T^a 0 ,.)a -h Pb.i-o., Zinc d- Peacl acetate 
= -= Zinc acetate -I- Load. 

(2) Cli d 2 AfiTS'Oa - Cu (IS^O.Oa d- 2 Ag> i.o-. Copper -h Silver nitrate = 
Copper nitrate -H Stiver. 

LABORATORY Hjr4TrS 
JLahelling of JL,ahoratory I^Gctscnt Hottlas 

The following method is at once cheap, simple and effective for all 
ordinary reagents, although., naturally, the labels will be afTected after a 
time bv strons acids or caustic allcaties. 
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The >)csi it'sults iiie obtiiiiicd witli labels printed (or written) on 
fairly thin paper. Attach by yium in the usual way, taking particular care 
that ni'> air bubbles me left undci the paper, and allow to dry. 

TSText melt sonic puraflin wax in an eviipoiating di.sli, heating until a 
faint snic-ikc just bej’ins t<i f<.>rin. Avou! hoiiling l-)cyon<l Ihi.s point, or the 
wax will ignite. 

Apply the molten wax to the label u ith a Hat bristle brusii. Pass a 
Bun.scn llama ijuio.kly ox’oi the vvaxct! surface, and while the wax is still 
warm, wi{ie away :iny wuiplus fioin the alas*; with a soft cloth, leaving, 
however* ii nairow margin of wax all uiouiul the label. 

rRi-AiTvn:N't oi-' BiiiMcnr lops^ 

’I'lie be.st method ol piesciving the wood tiips of laboratory benches 
is by f'lequcnt treatment with raw linseed oil- The sin face should first be 
sciubbecl svitli soap and svatcr and allowed to diy ; the oil should then be 
well rubbed in and allowed to dry thorouglily, aftei which furthci applxca- 
tifins may be niatle until the wood will absorb mi niorc. The object of 
Kniall iaterinittcnt appliculion.s is to cnalilc the oil to oxidi->:e and thus 
solidify into a resin ; if tt>o much oil is applied at once, oxidation is 
prevented tuid the suilace loinains sticky. If necessary, the oil may be 
thinned with a little tuipentine, wliich will evaporate 

Alternative ticatment coiisisis of (a) tubbing in hee.s-wax softened 
with tin pcnline, or one of the propiietaiy lloor j-iolishe.s of like compo¬ 
sition : (b) ironing in parallin wax, oi rubbing in a solution of the wax in 
petrol, xylene or other solvent ; and (cj ti'catrnent wiili aitiline black. 

Parallin wa.x lias a low melting point, an<.l unless completely absorbed, 
becomes a nuisance by niclting when hot bodies are placed on the bench. 
Aniline black, though very rc.sistant to acids, involves an almost enlire loss 
of light by leflection and form.s a very sombic backgionnd foi work. 

Alan E, P^ilaaaby 


* HroiTi Science Ma.iferjt' .Book, Part H, Series I, John Murray, London. 
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f}t>/)cirtnn iit r</ .SV icMt i' luhicution, JV. /" ii , Oc'//ji 

An oiUlinc of ;i tcncliiitfj; iinil based on the Unit approacli to teaching 
science is suggested below H) iiclp tcaelieis in preparing their lessons on 
topics rcltited to geology—an tuca intiodticod recently in the general science 
syllabus foi scitools in all the States. 

Rfji-k\ ant! Minerals (Class VII) 

I IV i RomjcrtoN 

Uisplay cl..ails giving facts tind figiiies about the intciior of the earth. 
Oi.scu.ss tile tl'cliiniruu y ideas to foim a backgioniid for the unit and 
to ensufc pupil ptirticipation : 

fa) I low <ild is the K..ii lh ? 

(h) What changes lias the Ktn th gone thiotigh ? 

<e) I low do scientists pietuie the past? 

(tl) Are the ei list .and interior of the Earth the same ? 

(c) What type.s of rocks aie found and whejo 

(f) What aie rock.s composed of? 

(g) I low do rocks tippcai to have been formed ? 

ri. <>in si‘ioNS Ais)n> prohuems 

Major questions and problems to be answered are : 

1. fn what ways are rocks dilfeicnt ? 

2. How are locks elassilied ? 

3. What urc mineral.s ’> How can they be identified 

4. How mo .sediments deposited and changed mto sedimentary 
I'oeks ■' 

5. Ho'V aie igneous locks formed ? 

6. How aie. inetainotphie rocks formed 7 

in, ACTIVl'I'll .S .MSP ) 1,XI>1;RII MCI'-S 'I O Ml- USMO IN SOgVlNCl PROBLEMS 
1. Itncks have ihlferent minerals caul textures. 

Look fur j egnlai !y shaped crystals in coarse igneous or metamorphic 
rocks. Ses;ei some crystalline locic.s and pound them one by one, wrapped 
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in a piece otfloth jihitecl tin a hvircl suiliic:c aiitl healen Lise haiicl lens 
to exaniinc t he j-4>ck t't ai'inc'ul^ anti iry tcj detcinnnc the tiuinher easily 


c;,. 



I’lK I \ sli.iiii.im «»r hoimi nnun»l*4l. wr.it>pc-tl in a 

of clotli 


nbscivablc minerals each contains. Discuss wliy llic haitincss, Icxlure and 
coloui tlilTor witln locks. Some of the mincials may he present in rocks in 
SLicIi small quantities that their ^'^laiiis can only be seen with a hand lens and 
sometimes with a microscope. 

Notice that, the inner surface of fuiunienis of the rocks do not look 
the same as the surface <»rthc rocks. Snmniarise the factors thtit cause 
changes in the outer surface of r<icks, sun, temperature, watci, snow, 

wind, and plant.s) 

2 . Rnc/c.s (irv clossijicci accfirtJf/it' ft* ehetr 

llxarnine a set ol idenlhiccl lock samples and obscive the common 
stiucLurc witli most <’>!" the dilTerent rock samples. 

Study eaiefully a num\)er of rock sanrpies with a layered structure 
(like limestone, shale, dolomite). Notice tlie i oiigh and gritty suiface of 
samples like sandstone. Oednee (hat such rocks are composed of small 
grains of sand cemented, together. Notice that some samples like shale 
which feel sinootli are composed of One paiticles. Conclude that such 
rocks appear to be deposited as sediments, usually flat and layered. The 
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sediments may be cennposed of highly powdered materials (clay and silt), 
or of giains fiom harder matciials (sand and gravel). 

Next investigate a few samples of locks that tire massive and aie 
made lip of cfyslais (like gr;inite, dioritc, basalt, felsite, obsidian). Observe 
the did'erencc in sSi/’c of crystals and surfaces Oonclude that such rocks 
appeal to have been formed from hot liquid lava or magma. Those with 
tiny ciystals or witlt g.Ic'issy suiface and no observable crystals (obsidian, 
basalt, felsite and the like) aic believed to have cooled quickly at the 
surface of the oaith, while lhos.e with large ciystals (like granite, diorite) 
aie believed to have cooled slowly deep in the earth. 

SimiJ^irly examine .some of the rock samples which are crystalline, 
fohosc, banded ot massive in stiucturc (slates, schists, gneisses, quartzites, 
marble, and the like). C.'oncIudc that such rocks appear to have been 
metamorphosed (greatly cluingod by heat sind pressure) foim of the pre¬ 
existing rocks ; the particles in such rocks aie compicssed more than in 
the rocks fioru which they were foimcd (quartzitc--metnmorphos,cd sand¬ 
stone, inaiblc ' nietanioi fiJioscd lime.stone). 

3. Saffjc <*f ciii/ Cfiinftton nitncrcils c:an he tdcntijied tsasily 

Tiy to iccognisc an identilied set of the common iiiincial specimens 
with the help of Table A and infoimation from books on geology. For 
each mineral in your rock collection find out such information as its 
chemical compo.sition. lustic, haidncss, specific gravity, colour in which it 
occurs or colour of the .strctik it makes on llie uriglazed back of a tile, and 
other interesting facts, i('any. 

Select and develop exiicrienccs that will help the pupils undeistand 
the chemical compo.sition of minerals- Also help to develop understand¬ 
ing of such words as glassy, dull, metallic, and greasy to desciibe the 
nuneials in. tlic school’s lock collection. 

Pind tile hardness of a mineral making u55C of a siandaid set of 
rnineral.s witli it fixed hardness 1-9 (Ivfoh’s Scale), In the absence of the 
set of minerals, improvise substitutes as shown in 'I'ablc B. To save time 
in testing liardncss of minerals, scratch the minerals to be identified with 
ijuailz i.>r a steel Hie (since many common minerals have a haidness T or 
ICvSs) iLxaminc carefully the scratch on the mincitil and lub your fingers 
over it to make sure that it is a distinct sciatch. If the identified mineral 
is scialchcd by quartz or steel file, its hardness i.s ie.ss than 7 or 6.5 and 
vvee vcrsci. To locate the liardness of a softer mineral, repeat the process 
with less hard minerals of the standard set or their substitutes, 

JEncouiage some of the pupils to deteimiiie the specific gi avity of a 
few samples of pure minerals (like quartz with specific gravity 2.6, calcite 
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with 2.7, ivncl mica with 2.S to 3 O) by orclinaiy methods 





Some piocc<5SC8 toi (hiUiiiB hardness oT minerals. 


1. Sciaichinjy^ will) iini<;ci>nail 

2 Soratching with copper penny 

3 5>ci*utchiii|5 knife blade 

4. SctatchiatS with knilc blade 
5 Sciatchini 5 jjlass 


’"Ta.ule 13. Scale of trAR.oNE.ss for Minerals 


^foil's Scale 


Substitutes 


rale I 

Gypsum 2 

GulcUe 3 

Fiuoiite 4 

Apatite 5 

Feldspar 
Quart'z 7 

Xopa^; S 

Corundum 9 


l-myei-nail 1 to 2.5 

Copper penny 3 

I-Cnife blade or kUiss 5.5 
Steel File 6 5 


til u complete set, a tenth inineial. Diamond, with haidness lO is included. 



J ‘.>4 


st'irocji sc ii-rwc'i- 


Ohsctvu the t‘(>U>ur o( inuiiber of idcntiricd tTiiiieials and conclude 
that nKxny I■nirlcral^ cxi^t in several colours (While tlie colour of a mineral 
may vary, its 'tieak o(>tamed by diawiiitj; the mineral over a sheet of 
un^ila/.etl T>oicolaiiu is fairly uiiifonn. Streak refers to the cc^lour of the 
fine [lo’.vder t>f the mineral). IsJe.vl invcslij';i.te l lie streaks of some of U\e 
minerals lf..i.streak is dark iuid heavy, blow i.)n h. (A thin layci of powder 
.shous cohuir naiic distinctly than a ihtek layer.) 

Reptul br icily on the cluboialc rests and techniques peifoinicd by 
the jj.eoKijiists to identify mincials by then chenucal composition, their 
rcaciitin i».i special r ^idiatioiis CuUiaviolel Ii‘j;hl). and their characteristic 
form in bicakinu Cfiacliircl and spUllinji (cloaviine) 

4 />i’ naiitrui ct\s , nu>.\t sccinyieatary 

rfn'k\' w'rr*.’ fur/ntuf hv iht‘ mnsttUdftiton i>f sctlhncJits clcpoxitc^d iu 
w'atrr. 

Oiscuss the buvcs of tunniny. vs atcr, jrravily, icc and wind in causing 
sediments to u\<i\c ftmn one pUice t<*» aiuiihca RaiNC the problcm--why 
sonic .scdiivientiu y locks arc composed of lai/’ci sctliincnts than tithers. 
(The pceatcr lire foica* tlio laiycr elic sfxe and uci^iht ol the panicles 
deposi ted.) 

You can dcmtnistiate Iiow sedimeiits arc sot lei.l as they aic deposited 
in water by mixing’ an assmtriuniL ol sctliriicnls lik<i sand, silt and clay with 
water in a p.Ias.s jar. Obscuve Uic scttlinjr of sctJimenls. C'onclude that 
the finci sedimenls [cinain >*uspciidcd much lousier than the coarser ones. 
ISexl add water plass (also known us ',iJica which can he l^oiii^ht at a drug 
stoic) ti> the a.sscn tcd sediments iiud let ilio Jar slay undisturbed. (Silicates 
present in ^^i-oiind w:ilei ccinoiit l».)geLhcr the sediments in many .sedi- 
nientaiy rocks) Break the glass jar tt' examine the sedinientaiy rock 
formation. 

Ii'fitum.s' rut'ks \v<.’rf J'tn rru'ii /rrjnt rntjltt’ji rfti.xfiiri’S 

(a) 'Toy WiJoden blocks, some wheat lltiin jiaslc, ..i lamniing rod, and 
two boards cun he used to demonstrate why mui^mas flow away l\oni the 
ocean and rise up the cavure.s and tniiwaid into the sun tmnding land 
masses, "I'lie pupils must undcislancl what the mateiials tiiid foices used 
in the nio^icl rcpicseiiL. vStack the blocks on the ilooi in one comer of the 
classroom. Insert between the blocks some wheat Uovn i-)aKte put in a 
small thick ch)tli bag with its mouth j^artly open. A.sk one pupil to hold 
the board A, two for holding board B, and four oi live to press hard the 
ramming rod. Remove the blocks one by one and find out what hupi^ened 
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to the paste. (The paste rcpresciiliiig magma should have been forced 
upward and may have i cached the surface of t)ie top Vilocks, toy blocks 


!_ i 

■ - - - jf 

I!<l\l!l> A / 



3. Oi.>nclItn>ns foi foi of ifetnoous rocK.** 

feprc&ciiting the block foiniation of the rocks, the force applied through 
the ramming rod icprc.seu ting accurmiluling weight of sediments deposited 
in the ocean which pushes the magma away from the ocean and towards 
the land masses), Oompare (he materials and foices as in the model with 
the situations in tlic earth, visualized by the geologists. Vai-y this 
expeiimcnt to tiy other ideas about the situation.s. 

(b) Demonstrate a volcano model, (^XJnesct? Sourcebooh Jbr Science 
Teaching, p. 63). 

6. M^etaniorphic roeJes <irc fiyrmed during n'lountuin-buildins activities 

Fold dilTcrent colours of* crepe paper* or cloth, or modelling clay to 
represent the different layers of rock formations in the earth’s crust. Lay 
them on a table. I-Told one end firmly against the table and slowly compress 
the other end that is being held. Let the pupils observe the changes in 
the set U-p of layers. Use this activity to initiate discussion on how rocks 
are metamorphosed. (Extreme heat and. pressure cause changes in the 
structure of rocks and both of these are a part of the process of mountain 
building) 
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IV Jf-l . ic> ii} Ij NK’N’ I IK III! SIW£>\ or PROBmviS 

1. (n Kou;k> c'<.nUiii\ HI mi's al'>, 

fii I I ]i 4 " cliiVcTtMit V^iiut . of nmifiaK in i<.ck.s ciiii.sc Llicm to have 
di tr^T vnl c nl • *111 s, 

2. (i> R«kIss atV t>t' otu- <ir iii<mc lumeial.s 

(.ill v.in He ;ic.-ooUiifi. lo tlien finniiition, 

(in) St'Llnuenl.M y aie laveiict in striictinc 

(iv) I‘MR*t.ns R k>. ;m e c«►! iimniii in siincLnie. 

(\'i Nf.-i.inmi phi._ i»»ck^ aie hdmie, H:indo<l or massive in 
sinis'tuie. 

3. Ci) MjivMals can be identilied H' ilieii chiiTiietciislic* chemical and 

physical pi t.pci lie;-. 

(ii) Some ivf the ta^mnion inim.'iiilrv <*;in be ideiitiiled by their 
In^tic, haititn's,. specific pi ,ivity, col.Mn, siieak, and characte- 
lixtic ciNStal t’oiin. 

(ill) r Tcolopisl-, itlcnfity iriiiictals by elaboiate tests jiiid techniques 

4. (i) C'oinna'ii seibniciitaiv lock*' aic ,;'ndslone, shak* anil linic- 

-.ti.ne 

(ii) Sediincur. aic dcpo■^lt' <l b\ uatin.il lorces like uu>\ini.t water, 
^\'i fuk iind r f a \ il y 

(Ill) Most seilimcntaiy locks svcic foinicti by iJu: ct^nsol idation of 
diiTereiU kinds and siz-es of sciliniiMits deposited by \^’alel^ 

5. (i) Ciranilc, syenite, iliyi'litc, aiul trachyte aio common igneous 

rocks. 

(ii) lyneoiis rocks wcie foinicil fioiu uuilten niixtuies of minerals 
(maynia) that st>lidilic<l on cooiinji. 

(iii) Ip.ncoiis Kicks have been foiint'il bivih on the su i face and 
below the siiifacc of the eaith. 

(S. (i) TVIarble, slate, tpiart/ite, pneiss, and schist uie common 

mclamorphic i t>cks. 

(ii) rvTctii nioi phic kh ks luivc liecii formed <*iil ol* pre-existing 
loeks helow oai til's sill rin:e <hiiin’, moinilahi-buikliny activi¬ 
ties which involve preat cluiiipes <Iiie to extieuic heat, pressure 
;iTul tdieniical chaiipes, 

V . < aji.Mt WA I'liMci vt • ri \ 1 111 s 

1. Lvncoiiragc pupils to collect tocks and minerab.. 

Discuss some of the i ules that a «ro*.>d i ock and miiiaial collector 
follows. 

2. Help pupils identify minerals and locks they collect, pci forming 
ordinary tests and consulting tables of data Any geologist in 
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the locality may be consulted. 

3. Arrange an exhibition of the rocks and minerals collected and 
identified by the pupils. 

VI. NEW QUESTIONS 

Let pupils find out answers to the following ; 

1. What are the different geometric shapes of crystals found in 
minerals ? 

2. Why do some of the rocks have smooth round shapes ? 

3. Why do geologists mine rocks and minerals 
4 Are ash, clay, and mud mineials '? 

VII. RELATION WITH OTHER SCHOOL WORK 

1. Relate with the teaching of weathering forces in geography. 

2. Relate geometric forms with the shape of crystals- 

3. Relate field visits to places like river-bed, exposed rocks, road 
under construction, and hills for collection of rocks and making 
observations such as structural forms of rocks. 

VIII. RESOURCES 

WliiTij, A. T 1955. etbont our ChanginR Mock?, Random House, New York. 

UNESCO 1962 Sourcebook for Science Teachms, Chapter V. 

Flood, W. E 1950. Treei?iires From the Earth, Longmans Green. 

Nelson, W. HyleR, I960. Rocks and Minerals, Wonder Books, New York. 

Hardert S. Zim, and others, 1957 Rocks and Minerals. Simon and Schuster, New York. 
Lewis AND Potter 1961. The Teaching of Science in Elementary School, Prentice 
Hall, Englewood Cliffs, N. J , Chapter VI 




i'Rc)cH<AMMi':r> iN*s now 

i:»T-,vi-,t.opivtKwr OK a ni'w i ikku 
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nirecf<^r nf Rostcirch urni fycvt-lopntcnr, /icivic fncorporatt^i! 

An impnruint iiuu>va(it>n in the rieltl ol Iciiininy Jitticictmg iricreiis- 
ini? attention in cnliicational ciiolcs in many countries. riie method is 
known as programmed instruction. liarJy tests t>r tlie new leclmiquc open 
the possiliiUty tit' a ladical iinjirovemciil in the prt)cess by which the 
individual learner uiavSters a body of subject* mailer. iia.sed upon experi¬ 
mental studie.s of the learning piocess, niHably by liic Harvard p.sychologist 
H- P. Skinner, the neu' mclhtid may prt>ve especially impcirtant at the 
present moment, when a need for excellence in education is coupled with a 
need for extending; educated skills to an extremely broad base. 

'I'he method concentrales upon careful design ot the inleiplay between 
learner and ct'itirse inatciials. Xhc instruciionul mateiials are called 
‘programs* Progiammed iiistiuction is sometimes less accurately referred 
to by the term ‘teaching machines* because <.if the mccluLuical housing 
sometimes used to present programs to studenis. vSucli machines, however, 
arc usually optional rather than nccessiiiy. 

Metfjnd oj' Proy^rurntncci Instruation 

A student who learns by the method of programmed mstruetu^n will 
confront the materials of his course in a manner which difTers .strikingly 
from his approach lo the textbook. The coui.se content i.s broken down 
into a very large number of small steps. These arc presented to the student 
one at a time, in the proper order. Each step—called a ‘frame* —takes the 
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stutient tliroii^ih the ttiilowin^ instruclioniil cycle: (IJ An element of 
is presented tJut>u^h a statement, example, definitton, labelled 
diagiam, or other means (2) Tlie fiame then calls for a response from 
the student ii response utilix.in £5 the bit of instiuctiori he has just learned 
He must answer a ciuostiou, (ill iii a blank, complete a picture, transpose 
thcteims of an expiation, or otborwisc actively construct and record Ins 
response. (3) Imnicdiiitely, tlie student is ^-iven tuiorful uppraisal of his 
rcspi>nse lhrouj»h I'jr escntation of the correct answer, which he is tible to 
compare wrth iiis own. ( O He then advances to the next finrtie, and the 
jnstruciional cycle repeats itself. 

The technique ot presentation of pi oyi ammed materials can be closely 
approxim£ited by the use of ordinary index cards "The woik of a course or 
unit inipht appear on 10,0f)0 such cards, with eiich iristi uctional step 
requrfinp; t:»nc card on whose front side the frame (with its insttuctional 
material and call for- response) would appeal, and with the answei to each 
frame on the lovcrse. Other types of format contr ol have been designed, 
appropiiate for hiige-scale proclticlion and distribntjon, and these will be 
dcscrihcd below. 

As an illiisti ation, we present in the Appendix an example of material 
prepared foi insti tictional programs, 'riiia is designed to illustrate the 
nature of the instructlontil frtime, the types of response which may be 
called for, tlic fcctlback r<3le of the answer or contiimalion, tlie importance 
tjf the sctpicntral organiJcation of the material, and (through cxceipting) 
the rate of advance which is possible through efTeciive programming. 

Acivantcisfc's of o^t ornnied fnsrruotion 

’T'he method ol pi i>gram.med instruction is designed to bring togethei 
in cITectivc combination a number of principles of learning established 
through laboriilory reseaich. The requirement of active response ensures 
that the student interacts with the course material and eliminates the danger 
of passive exposure The principle of immediate conjirrnation embodied 
in pie.scnting llie right an.swci iifter each step serves to i eward correct 
behaviour immcdmtcly ; motivates the student to progiess ; make.s his 
piogrcs.s explicit and measurable and prevents the accumulation of un¬ 
detected misunderstanding or error. The principle of small steps has two 
inaioi cifccts. l^iist, the entire instructional cycle—new knowledge, active 
application, tutorial feedback — can now take place several dozen limes, 
even as much as hundred times, in one conventional class hour ; this 
contrasts with the widely spaced and less effective intervals of traditional 
teaching. Second, small steps permit intensive and careful design of the 
instructional sequence, thus permitting application of the most powerful 
pedagogical meihods„ 
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rha etTective >jn<i >trnTi]uiat-‘t)U'» rcrL] it n nh <.>1' those tiesirable features 
of uistructinn JiMtJs to a numhor of inipoitant pains in tlie educational 
enterprise < 'Iiu.f atnoivi tluan are tlic f^^lKiV. inp. 

1. Ihtou.di pi I'i» lainrutal nist ruction, a preat pio{n>[iion of edu¬ 
cational 'vojK can h.-'! idii.di/ed firul made inoie flexible. Bacli student 

can ad'.ancc f In oup li The pro>nani at Ins own latc. I he rapid learner is 
not lu:k! bavk b>' tli»‘ pr<aip, v\hile the slow learner is not shamed by his 
inodrsl pata- Tn both ea‘-es the stiulent. rcv\aiLlcd for each coriect 
lesptinse, is sciane in v*hat he knovv% at evcM'V point in llie proi’riini. Both 
vapi^l ami -.luw le;,ni\eis a; e Ueeil ftoni b\>mlaae lo the eornpi omises of the 
cltissi < mni ; anti foieeil intei i iiptions, such iis illness may cause, no longer 
mean thiit inijioitant material nuisl be missed If a student native.'?, he 
rneaely takes his' pi opr am v. ith luui. 

2 The uchievemont of these iinpit>ve<l ciinditions tif insliLiction has 
biMUjfht vviihUi view a tiew and powerful e*lutaitionaI ideal : that of (cdniing 
yvithont vrrars. 

The provi aon ftu active response leaves a iceoitl of irnstukes on the 
part of siiKlents whioli can he tiacoil exactly i<,> the jelcN'ant i.ieiails of the 
program Pliis fact gives a basis fvu the revision of pi».>giams .so as 
to eliminate lln'ise erinis. Research \ss>ik in the levision of programs 
tlirougli sevei al stages of t,Ieve(opmcnt has denumsti aleil the feasibility of 
this i^lea. Pr<igvan\s icvised by the acUliti<u\ « new fi antes ‘thin out* 
dilTicLilt material mu only generate fewer eirois, but may even take less 
time to complete. 

3. 'riius tlic rccoid wiiich .stoics the effects tjf an insti uctional 
sequence has a dual impoitance. TMot only <loes tlic student know where 
he stands, hut so doc.s the i.losignci of the piogram. This fact now makes 
it possible for the art of teaching to join forces witii the science of Jearning, 
thus establishing programnted instruction as a powerful pedagogical 
technique. The .student learning from ii piogr:im can make conttLcL with 
the be.st thinking in the ndd, and simultaneously can hciiclit fioinall 
achievements in the art of teaching. Both imprtivcment.s are embodied in 
the instructional program. 

4. There is cvoiy sign that programmcrl in.structiou will lead to a 
series of improvements in the logistics «.>f education. Frogianis permit 
each teacher to work cfl'cctively with many more .sludcnls than is now 
feasible. F^urthcr, the nature of the sludent-lcachcr relation is altered. 
The teacher need not siicnd class-time in recilati(>ri and clrilJ, but can 
emphasize individual attention, seminars, discussions, and other cicative 
activities. Independent work on the part of student.s is encouraged. 
Through inspection of a student’s program, the teacher is apprised of 
any difficulties that the pupil may be encountering. Not only is class time 
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einploycicl more strategically, but the teacher is relieved of routine correc¬ 
tion of piipeis outside of class time- These clerical functions arc built into 
the insti uotional program, whcie they are not only automatic, but also 
far inoic effective. 

The prospects just described justify the expectation that this advance 
m educatioiiiil method will biing in its wake a major elevation in the role 
and status of the teacher. 

5. The advent of pi ogiammcd instruction should also load to changes 
in curriculum dcsiiin, as well as in the present grading system and its results. 
When the functions of textbook, tcachci, and test are combined into one 
process—the instmctional program—much more eflicient realization of 
educational goals becomes possible. "When all students can be reasonably 
expected to complete fi piogram, marks and grades merely indicate degrees 
of piogiess, and the threat of pcimanent low grades on one’s record is 
removed. A.ri objective criteiion—mastery of the program—is restored, for 
each Icarncj to attain in his own time. The teacher no longer need bargain 
with students ovei maiks—a procedure now institutionalized in the practice 
of‘grading on the curve’, 

Changc.s such a.s thc.se will aid in the design of curricula with effectively 
taught contents and uniformly upheld standards. 

The Presentcition oj' Trofframs 

A number of methods have been developed for the presentation of 
instructional programs, all designed to fullil the basic conditions of small 
steps, active response, immediate feedback, and individualized, rate of 
progress- As mentioned above, an ordered series of index cards, with 
answer to questions on the reverse of each card, piovides a just approxi¬ 
mation A small machine has been found to provide many advantages 
while remaining compact and flexible. The machine serves to house the 
program, which is printed on a scries of sheets, discs, or rolls placed within. 
A window 111 the machine exposes one fiame at a time. The student’s 
response is written in the space provided by a second window- When the 
student moves the program ahead to the next frame the correct answer 
comes into view ; meanwhile, the answer he has written moves beneath a 
transpaiciit covci. Thus the student can compare the two answers, but 
cannot change his own. After this compatisoii—which confirms a correct 
answer and also lewards it—-the student advances the program on to the 
next frame. 

Some types of macliines, such as those used, to teach spelling to young 
children, will not allow the program to be moved forward, unless a correct 
answer is given. Other types of machines will make an automatic tally 



I), *.< in it u .s« II rst f' 

<.\t tii'hiaiul v.n'iii’ .Hi Suli i.lU<**i,s jnc'sciit spccuil retneUial piogiam 

'ce’tUfMts tit* v^i.cd to c'lin^inatc thu bu*>is for particulai incorrect lesponses. 
?s.tan% machines van used \^.ilb an attacliinent allovvliifi answers to be 

tto a scf'.ii, itv scioll tu sliet'ts, thus pt.'i rnit I ini’ rc-iise c'»f the same 
pn 5 lira in. 

Sus'h tti.ivhiucs viiiy .1 preal deal in M/e, c« un plexi t y, ne.xihility, and 
price T i»onime .nil l.n>!ef is tliv piospevt t>f pi'o|nains in hotik format, 
i|iru>iin<: the in;u‘hine eiilucK If exvellenee is the kcyntitc, hsiwever, 
repoati'tl anti pn'cise u*simp, b\ Inith tlie pi luniner and the potential 
user, v%ill bevonie a doiniiianl tas'loi 

f 'lorn this entire fei nivnl. theiu vducatois ;ind psycholo^iists in the 
LJnitvil StiitV" lKi\e tlra\su the hopeful vision ofu leloinied cdiicalional 
process, ..ivhiwinp thimiph pi opi aniininp a new deeiee of cnectiveness and 
inleie^t. And toi the* fiist tiine» ctluc.ituui ot the; ciLinlity will become 
avuilahle tt^ bonal settiitns <tf the inipiilalii>n- 

Ai'i’ir^iiix 
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/<)r s fut/c’/lt.s tH the Id-1 I ^rt)t4lA 

I ills iuticle eoulaiiis a shvirl example i>l an insli uctionul piogiam. 
It ilhistiutes the method t>r teaching km>\vii as auuned instruction*. 

Pi ojitammed insliuction is a hijili-spced teaclnny techniciue developed by 
psychoUrpasts and edtivatms ^ivei tlie last tsvenlv-fvve yeuis. 'T ins technique 
has recently cnjoye^l stune imp<ataiit successes in the cUtssiocnn as well as 
m industry- Tht: three nu^si important features of piv>|irammcd mstiuetion 
aic ; 

1 Active .student f>aT (icipation 

2. Small -step.s arid h>\v eiror rates. 

3. Inuiiediate eonfirmation of evciy response 

If you J till ouy;h the .saini'ilc j^riitiram, you will Icui n the elements of 
atomic theory m about seven minutes- You will find that the program 
builds upon what you ahesidy know, and advances by dcf-^iecs towards 
increasing; levels of cornple.xlty 

Some of the cjuestions in the tuxigiani will require you to wiitcin 
one or more words. Other questions will require yem to draw diagrams. 
Hor the program to he successful, it is important that you actually write 
the answers into the program ; ‘thinking’ the unswer.s is not enough. It 
is also important that you do not look at the given answer until you 
have completed your own. You must shield From your view any material 
which might give you undesired prompts. 
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b. Cf... rri ;; nil at this ot«.>Ai L'st\ 4 i lotx*! if 


nucleus 
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6. Tiny porficltti called oiecfrans frovel around \ 
iK© nucleus. Label iho olocfrcMis and fKo 
nucleus of this ofom. j 
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12. Since we connoJ locote ofocfron*, wo think of 
thorn o» forming an __ . 


eioct^roiT cloud 





13. The nL/c)ou5 of an ^a^om confoJos ofia oi mor« 
particioA coUod Lobal fbo tjrot-ona 

in V^Kib ot-cin. ' 
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nucleus 

around the nucleus - ^ 
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Because a proton has d positive chorge,. wo use 
the symbol ® to stand for a proton. Drdv/ tv/o 
protores in the nucleus below, using this syrnbol 
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Prof^'oci. arc poStUvoUy clitarr'ed pwi f'rlt's . 
Fl«iclronn nr© :/»» lea . > 


18. Writet one Mintonco which coofohis th.f , 

rnllov/mo worHla*. pi oton , rvuctaus ^ ggnm . 
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Now WTifo a 'Onlenco which contoln* thn I 

word* proton, poatti vo , eVTOr^e . j 



rhfci profon \i' fourid In th© 

of th© attMTl V 


19. Fill IP eha rnfa^Ing aymboli. 


pi<j>C)n has a pojitiva 
clwrQM * 

(ci uny fljqulval«n^ sanfenca*) 
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'Vrite one sentence using the words: elect ron , 
negative , charge, and nucleus. 
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An electron Is a negatively- 
charged particle which spins 
oround the nucleus of the 
atom. 


21 . 


What letters of the words neutral and neutron ore 
the same 7 


(or any equivalent sentence) 


Neutrons, like protons, ore portlcle* found tr> 
the of the atom. 
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because it has Five piofons 


citcfnic ivjmbcr 


25. The oumiaor C'f prorc'S ii. m.-i colled 

i»t oforn ic ou T ibor . Undo.-nroi-'n cocV- 'itom, 
‘wrfta it. atomic numb’ar. 



26. Wny »s t'-jo ott-nnc T'' 0 'nbHir of ihi»« olcwr, flvts^ 



If ft had six protons, its 
would be six. 


Z7. The atomic 

pioton^ In the nucleus. 


THE SAME WORD GOES IW BOTH SPACES 




m/mbnir 




rtumbttr 





ciiomtc 


Th« number of pistons In 

l»« 


An dfCMn hq» «1ohi proioru. Irs 
ts otgKf', 


WV»r' IV tbe n>ofniJc nymt>«r of un 


Ortiw o riiugram <>f «n o»om which hoi on© clocy^ron 
?o ifi electron i lood orul on otomic fwmbor of CKie, 
Laovo out tho rtAiJiron. 


ir YOU HAVE ANSWERED THIS LAST QUESTION i 
CORRECTLY, YOU HAVE MASTEKEO THE CLEMENTS; 
OF ATOMIC THEORY. 



BXPERIM EtsrTA.1. WORK. IN GENERAL, SCIENCE 

r J,. GRriliN 

Ihiesi'o H^pttrt in Science Teaching, Ceylon 

Widespread attempts are now being made in Asian and other 
tropical countries to introduce the teaching of science as part of an over¬ 
all advance in education. In general, these attempts are being made in 
the face of many difficulties, among which shortages of staff, school 
building, laboratories, equipment, and the background f'actor, lack of 
finance—^arc all apparent. While it is natuial that attention should be 
concentrated on this latter element, other factois should not be over¬ 
looked Among these is the attitude of many teachers to the question of 
experimental work in the early stages of science teaching. 

Attitudes are born of the experience of the individual. That experi¬ 
ence is moulded by the social pressures and value systems which come 
from the cultural heiitage of the society in which he lives. While Asian 
countries differ widely from each other (in some ways almost as much as 
east from west), there is one feature common to many of them. This Is 
the strength of the verbal tradition. However ancient the art of writing 
may be, it must be remembered that the ability to read has, until very 
recent times, been restricted to a social and cultuial elite. A few could 
read—the mass had to remember, and it was by the oral technique of 
verbalization that tradition was passed from generation to generation ; it 
was by his verbalization that the ‘learning’ of the individual was estimated. 
‘Do you know not ‘Do you understand To know by heart was often 
the criterion of entry into the professions, the public service or the 
priesthood. This tradition is by no means dead. It is carried on in those 
social institutions which have been least affected by westernization, and 
It is actively fostered by examination systems and school procedures which 
place a premium on remembering rather than on understanding—on 
acceptance rather than on criticism. 

A second feature, common to many Asian societies, is the low status 
of the manual worker. The artist in words was a poet ; the artist in 
materials was a mere potter, carpenter or metal woiker. Prestige went to 
the one who talked or wrote, not to the one who made or did. With 
differences in prestige went economic differentiation, and both were most 
inaiked where caste backed up what culture had decreed. 

Against these backgrounds, science education in the past was restrict- 
cil in extent and used as a qualifying means for entry to the professions. 
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>4i:jvw tb:*l it IS \ iLt ♦ I nil 12 rii<>ic* \sidt-‘l;N a\,.iilaUk’. il is clear that these baclc- 
{jrt>und fat-loi*. ait‘ s!il] fij'>erative iind lead tti a tendency to teach science 
as ih^^iu^’h it \'vere »»nl> a theory. I’heie aie thice maitn lenscins foi seeking 
to altci this -itviatioii and t<' emphasize the cNpei imcnlal aspect : 

1. All scientific kiui wledno h..isieal1 >■ depends uj'ion phem imona which 
have hecn obNCivcxh recoided and analy.seil iin<lci controlled cxpei imcntal 
cc*ndtli<»ns. I xperimentation has played a mator pait in the histoiical 
development ol scientilic km>\vledee. 

Nlany seieniific pheiit^mena tnc so thlficull tc^* obscive (because of 
theii scale t'f inaiinitude, then ve!t»city, iheii stiiictiiral complexity^ etc.), 
c»r so ditficuU to understand (hccaiise of the complexity of the ideas 
involved) that cxpei iniental ct''ntrol anti analysis is an essential element m 
observation and undei stan di ng 

3- Science teaching slitnihl aim beyond the inh>i mational gams, 
which \vc test by examututmn and with which we aic too often content. 

It shttuld alsti lie our tiini to tlevclop scientific attitudes, inteiesl in science 
and the tiualities ol‘ resourcefulness and inventiveness. To neglect the 
practical, component aiul the cxperiincntid side in science teaching ts to 
reduce tlic chance of realizing its most important [lossibilitics. 

Practical nnoiK, however simple in scale, is thus an Cvsseniial element 
of a. scicntitic education Yet, despite this. For reasons leferied to earlier, 
it is just this side of sclmol .science which is most neglected or appioached 
in the wrong way. Where it is neglected, it is not uncommon to find 
teachers claiming tliat practical \voi k is ‘unnecessary", since they can get 
their pupils througli examinations witlioul wiisting time on experiments. 
Whore ^practical w<irk’ is attempted, it may be wrongly appioached, 
either in terms of content oi incihtid. In the 1‘ormer case ihcie is often a 
confusion belvv'ccn doing practical work and ‘knowing about doing it’—so 
that one meets cases vs'hcre pupils have fdled record books with drawings 
of apparatus which they have never seen, but have copied from book or 
blackboard. In the second case, that of method, the jipproach has been 
that of uncritical acceptance of a diclatctl procedure in order to conlirm 
a value, quantity or reUuitmship which has already been divscloscd. 

These priicccUirc.s are dcrcnclcd by tliose who piaclise them in 
various ways : first, perhaps, by reference to tlic general diflieullics of 
supply, amenity and finance mcnlioncd in the opening paiagraph ; second¬ 
ly, of course, X'ly pointing out that in the early stages of the teaching of 
general science there i.s little practical work which is ‘pOvSsible’, and that at 
a later stage, in the first public examinations (the School Certificate, 
General Certificate of lEducation, etc.), there is no pi actical examination—- 
and even at a still later stage there may be no practical paper, even if 
practical record books have to be submitted. 
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Tliosc who olTer such defences have fajlesd to tnidei stand the pos)tion 
of science in cdLication and have abrogated then i esponsibilities in two 
ways Ihc individual child, who should have been helped to develop 
skills, attitudes and personality qualities as vvcK as to gain scientific 
knowledge ; iind to society, in whose service such skills, attitudes and 
knowledge shouUl he used. rs/Iorcovcr, those who seek a defence in 
‘shoitiige’ and ‘di (7'ioul ties’ have failed to sec these as an active challenge, 
bccau-sc they have failed to appiccialc the need for nitciesL, initiative and 
1 csou 1 ccfulncss in themselves as science teachers. 

fn order to rectify this situation it is necessary for teacheis of science, 
for those who arc tiaining to bo science tcacheis and for those lesponaible 
foi sLicli tiainmg to accept four basic propositions : 

1. Scientific method is not only a way of doing things, but a way 
of Linnking about tilings and a way of thinking about how to do them ; 

2 Scientific modes of thinking can be applied and demonstrated 
in vety simple situations ; 

3 HxpeI imental work, chaiactciiz.cd by sensitivity of method, 
piccision of result, elegance of design, can be conducted with simple 
aj^paiatus , 

4- Piactical work is not the basis of understanding only, but also 
of those c.xpeiicnces which are most likely to lead to resourcefulness and 
inventiveness. 

But acceptance of such propositions is not enough. They must be 
acted on. And it is at this point that difTiculties confront the wiiter of so 
shoi t an article, as the present one. Tn view of the limitations of space, 
the first and fourth i^ropositioiis will be left as postulates, while furtlier 
brief reference will be made to the other two. Of these it will be noted 
that one (proposition 2) refers to thinhing^ while the other (jiroposition 3) 
refeis to doing. It is the foi'mcr which is the more difficult to deal with 
especially for those whose scientific education has been a training in 
practical procedure rather than in theoretical criticism. 

In attempting to argue the case for the second proposition it must be 
pointed out that it is largely a mattei of the teacher convincing himself of 
its truth. This he should do by careful examination of suitable examples 
of the kind met with in even the early stages of science teaching, cases in 
which, all too often, pupils arc told the solution to a problem or the facts 
relating to a situation and seldom helped ox encouraged to think it out for 
themselves. This may be seen in considering the shape of the earth, in 
simple terms, without reference to the complications of modern, geomor¬ 
phology. Too often the possibility of observation and experiment is ignored 
here. 

The potential evidence, excluding that of a very complex nature, is : 
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(a^ Successive appearaucc of mast, funTiel unci hull cjf a ship as it 
ii[spr<»aclics' an uhserver on lanh. 

<h) ’The* curvature i">f the hori-^on. 

<c) the shape ot’the caitli’s shachuv at a lunar eclipse 

(ci) 'I he iT<'>ssihility fat least in tlicoiy) of circuninavi^^ation. 

(e) Ivviclcnce <^1* hijih-aUitude photoitraphy. 

C ri Anyular positiem of* the Pc»le Star ohset vecl frenu clirTcrciit lati- 
1 Li cl e s. 

It shoiiUl be ruitecl of these that : 

1. (a> ;inci (b) can only be c^bscived by those who live near or pay 
a visit it> the coast. 

2. Cc) is only tti be seen by who :irc at the ii^hl place when 

such an eclipse takes place. 

3. (cl) circunmavii.»ation is also possible around a disc-shaped earth. 

4. (c) such photoi|/.r;iphic evidence is likely tc) be available c^nly to 
iho.se who have acecs.s to a lar^c tunount of hackyiound icadiuij materials, 
such as ‘western* popular science may'a/’.ines 

5. CD few .scho<iI cliilvlicn arc likely to have experienced such 
chaiiijcs of latitude, few .scln^ols will have i\ means of measuring the alti¬ 
tude and even tcsvci will possess nautical or ollici tables of astionomical 
data. 

Most commonly-u.sod tcaclicis’ and elementary science books refer 
only to 00. (h), Cc) and (d) as evidence ; (c) is so recent as not to have got 
into school books while ( f ) Is considered too ct^niplcx. Such a sitvialion 
cannot properly be accepted by a teachci who wishes to teach an under¬ 
standing of science and its methods, as distinct fiom a remembering of 
data or statements. lie would wish to go rurihcr into the matter—and 
our next problem is to consider what else he can do. 

So far as (a) and (b) are concerned, direct observation can be made 
if location or opportunity permits it. If not, recourse must be made to 
the usvial diagram with a greatly exaggerated curvature to the earth. More 
can be done. Instead of being content with a moving ship and a fixed 
observer, discus.sion can be devoted to t!ie reverse situation and also to the 
effect of the relative altitude of <?b.scrvcis ut dilTcrent heights above sea 
level. ‘Answer’ can be worked out in discussion and in diagrams—and 
the pupils be allowed to iiy their hand liist. Actual ob.scrvation is, of 
couise, the most desirable approach, if this is possible and in this case a 
metre rule should be observed against the horivion whose curvature can 
then be more readily appreciated. It muse not be supposed that a single 
observation or a single reference to a diagram will result in. comi^^lete under¬ 
standing. The data of observation and the facts presented in a diagram 
must be discussed, talked about and used, so that the meaning becomes 
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part of a mental experience. Tvloreover, it may be possibe to profit from 
other opportunities to malce observations, for the effect of the earth’s 
curvature is sometimes disceiiiible on land—for example where a tall 
tower is observed across a wide plain. 

Isfot every one is fortunate enougli to witness a lunar eclipse, but it 
can be simulated with models and ‘explained’ with diagrams. This, 
however, is not enough, because the observed phenomenon remains only 
an ‘explanation’ if it is not first realized that only a sphere will throw a 
circular shadow ('though only paiL of an arc is seen), in spite of variations 
in the position of the illuminant. This point should first be talked about, 
to stimulate thinking. Take a circular disc and hold it vertical with a 
flash lamp on a line normal to the centre of the disc. What shape will the 
shadow be Then start tilting the disc—what will the shadow be ? 
Finally, with disc edge on to light—what will the shadow be ^ Then after 
discussing, predicting and nvaking sketches, the matter can be put to the 
test. 

Thus one demonstrates that to explain the curved arc of the earth’s 
shadow it is not enough to say that the earth is ‘round’—for a disc is 
round. 

Similarly one may explore the shadow cast by a cone and a cylinder— 
finally reaching the conclusion that only a globe casts a shadow with a 
curved edge whatever the position of the light. 

In the case of (d) it should be easy to show that, in relation to a 
fixed- ceipitrfil point constant distance and keeping the point abeam) a 

ship could travel tirOtiwd. p^rcle and come back to its starting point. 

This, however, is ' not a proof. Ihitf .Hie-earth globe—because, as we 

havp said, those conditions can be fulfiiled’pn'W diSe’*. The essential point 
is that continual movement in a constant direction .will, on a globe, always 
result in return to the starting point. The postulate that the earth is a 
disc, might well be examined in the same way—-wh^n it will be seen to be 
untenable. A. ship following a course directly away from a fixed central 
point .(j.e. along a radius) would come to the ‘e^ge* of the world. So far 
this h^s not been achieved by even the most intrepid explorer. 

Even at this point, however, the hypothesis of a disc-shaped earth 
cannot be dismissed. Instead, one should ask the question, ‘If the earth 
were a disc what else, other than travel around it, or across it, could be 
affected ? ISTo pupil of elementary science will be able to provide an 
answer, and yet, helped by his teacher he can make and apply a relevant 
observation.. This concerns the behaviour of the plumb-line, the suspend¬ 
ed weight used in building construction which always hangs vertically. 

If students really understand the principle of this , attraction between 
the centres of gravity of two very unequal masses they should be able to 
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kc ii ‘simple tILijjrani. ^howhiji ibti ’\hich vvouUl he assumed by 

I^Umib-lincs at viitferent pmnls ai <umtl its sin face. In each ease if the line 
IS cxterulcd ihionj-h the \\cii»hl it wiU pass thit>iiiih Ibe C/O of the earth. 
Rcadinr, hiokirii" at piciuics» c:Kanrinint' tool calali»|!ues and even asking 
abmu the exports t>r tools will sIkwv tliiit the j’^lninb-linc is woild wide 
Alv’i ays it is the test of the ^■eItlt.al 

'^ow . a'S\imc iliat the e.n ill is a vUsc, like ii thick enculai cake, diaw 
its scetiom , mai k ih.c C C r , ami ask the class i«« sli ovn how plumh-hncs would 
hchasc. If tile pupils »iie irnlccal ;ihlc t<» use their iiuder.slanding they 
will at once knoiv that the picture they must thaw, in vntue of their 
kncwvledi’c. docs not aurce with ihcir tluec-t and indirect experience. The 
disc hypo’^ esis would appear to be uiiteiuiblo. hut not without submitting 
it tci unrUher tost 

I\Tany children live in ciilturc [-iiitlcins in which some kind of 
knowledge of the heavens exists. The iishciinan usc.s the stars ris an aid 
to navigation. The fanner ol'ten limes the season figain.st the a['tpcarance 
over the horizon of a partioulai conMelhition 'I'lic havellei on land 
guides hiniscir by a star. 'fhe astrologtcr uses kiuiwlcdgc the annual 
change in the skies, seen in the ^iuliac. Alsi> he knows of the use and 
existence of the ‘nphcnicris*. Thus three things aic cornmt>nly accepted, or 
arc not dinicult of acceptance . that ilie stars arc at ‘infinite’ distances, that 
there i.s (for (he nortlicin hemisplicrc) a Pole Stiii, and (hat some kinds of 
knowledge about the stars can be tabulated in quantitative teinis. I'urther, 
by searching the literature of adventure and Uxivel it should not be 
diflicuU to come on .some useful phrases. 'High above the snowy wastes the 
pole Star glittered’, *On llic horizon the Pole Star dipped steadily down, 
night by night, as the ship plouglicd her w'ay south’. 'I'Jic inference is 
obvious. The angular position of the F^olc Star varies with the latitude of 
the observer, a fact which can only be explained by assuming that the 
surface of the earth is curved, and not Hat. A tliagram, as large as possi¬ 
ble, should be made to dcmonstiaic this, together with one to illusliale the 
inference that an infinitely distant I^ole Star would sublend a constant 
tingle of 90" to an observer crossing n flat cai(h with a diameter of the 
same order as that of our caith. 

TvXoicovcr, if the Pole Stai were m>t st> illsiam. its ang,ular pt^sition of 
90" with the observer immedialely bcUiw it would change as he travelled 
away from the oiiginal position F£ach successive mtuncnl of. say 2,000 
miles would cause a successively smaller iinguliLr change, but the Pole Star 
would always be visible. On our spherical earth, foi each successive 
moment of the observer of 2,000 miles the angular position of the Pole 
Star changes by 30". Finally it becomes invisible. 

This may not be a complete demonstration of the scientific method. 
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but it is Cl great iin pro\'eiiicnt on llic common o-pproEicli wliich consists oT 
making a statement, less often of offering evidence in its support and very 
seldom of subjecting it to critical attention. Tii what has been oXfered. 
such ciiticism has been channelled along two lines : 

F'iist, by asking ; Ts there alternative explanation ? 

Secondly, by saying : If this is accepted—what must follow? 

Precisely the same approach can be made to other topics in the early 
stages of gcnei al science reaching. Thus, having exploied the shape of 
the caith, and having acccjitcd a particular hypothesis, it is customary to 
tuin to the movements of the earth, its rotation and its orbital motion. 

So far as rotation is concerned the usual evidence is . (a) the succes¬ 

sion of day and night ; (b) the apparent movement of the sun ; (c) the 
changing position and length of shadow round a pole ; and (d) the 
appaient shift in position of fixed stars. 

Tt is usually found that these four kinds of evidence are supposed to 
be observed, Ca) and (1^) being a mattei of common experience, (d) being 
observable by any one who takes a little trouble and (c) to be treated 
practically. Tn fact (c) is often neglected and experiment is replaced 
by examination of a textbook diagram. As this probably relates to 
conditions some 30*^ — 60® north of the equator it gives a false picture of 
conditions obtaining around the equatorial zone It is not uncommon to 
find even tiaining college lecturers who have never performed this simple 
expel iment, 'They have relied upon book pictuics which do not apply to 
then local conditions. 

Poucault’s Pendulum, by its demonstration of procession or wooble, 
may be cited as evidence that the earth spins like a top. The original 
experiment was performed in Paris and demonstrations may be seen every 
day in the London Science IVluscuin, In how many other places is this 
possible ? Even those who suggest that it should be performed, and even 
give diagrams, seldom give any of the requisite data (the need for a heavy 
weight, a long wired and a turn buckle or rotating suspension). And 
again the effect of latitude is ignored. 

The gyroscope offers the only instrurnent with which we can conveni¬ 
ently demonstrate expeiimentally the rotation of the earth, because its 
axis preserves its orientation in space, irrespective of the alteration of 
position of its frame and the eaith, due to angular movement. But 
gyroscopes are not available as pieces of school apparatus. 

Time zones and the need to alter clocks when travelling on an east- 
west axis, as well as the apt^arent differences in ilight times on outward 
and inward flights, are related to the rotation of the earth. Time zones 
are dealt with in geography books but tlie good leacher, who appreciates 
the difference between remembering and understanding, as aspects of 
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knov<ii!i!. ui!l u'ck U) Mippk'nictit tlie .situation by petting schedules, route 
data and time tables fiom sliippinj; and air cnmpanies. 

1 he suggestions which have been n\:ule in iclation to the second 
proposition cited early in this article, may perhaps be taken us relevant 
also to the fourth I'Or, in .seckinj! undei.slaiuling through experirnenta- 
lion, experience is an unavoidable outcome, and tme likely to lead to 
resourcefulness and inventivcnes.s. It may be objected that the topics 
selected, like an elementary .study of astronomy, coffer little chance for 
expevimentation. That is why they olfer such good opportunities for 
critical thinking and discussion and call foi so much in the svay of resource¬ 
fulness and inventiveness. Tho.se who need help in regard to simple 
experiments, obscivalions and demonsliatious in this held of science 
should turn to chapter VI of the [hnwro Sfnin (’honk for Sriviicc Teaching. 

Ak a conclusion to this article it may he litting to point out that while 
the title used the word CKpcritncnfal, the at tide itself has hugely been 
concerned with the rhcorctkal. And that is exactly what is most needed 
in the teaching of .science -that practical work, instead of being a passive 
acceptance, of,, demonstration or an automatic repetition of procedure, 
should m.slead be a con.snanlly critical commentary on what is being done. 
Tn brief, theory must he both the stimulus to practical work and the final 
bar against which its findings arc arraigned. 



SCIENCE LABORATORY EQUIPMENT FOR 
SECONDARY SCHOOLS—AN ANALYSIS^ 

JnSlAPALA ALTL-ES 

Assistant Director of Education, Technical and Scientific, Ceylon 

General Science is now accepted as an essential component of the 
curriculum for the 11-14 age group. General Science, Physics, Chemistry 
and Biology are important subjects in the curriculum for the 14-year old 
group. 

The organization of science teaching in secondary schools involves a 
number of problems. The main problems relate to the teacher, his initial 
training and the maintenance of his competence at a high level. Another 
important pioblem, however, is the establishment and maintenance of a 
number of teaoliing laboratories and simple science teaching units. 

The effective teaching of science requires a minimum of relatively 
highly specialized apparatus and materials. Thus three questions have 
to be considered : 

1. What type of equipment should be issued ? 

2. How much of each item should be issued? 

3. What is the minimum quota of apparatus and materials necessary 
for cflioient teaching at the various levels 7 

These questions are significant from the point of view of the adminis¬ 
trator and the organizer responsible for the establishment, administration 
and maintenance of a school science teaching service. 

These questions become even more significant when the country con¬ 
cerned is compelled to import almost all items of equipment and materials 
from supply centres several thousand miles away. A casual approach will 
entail expense, inconvenience and inefficiency. When the teaching of 
science was limited to a few selected schools the problem was not particu¬ 
larly acute, but with the rapid extension of science teaching as a core 
subject in the curriculum, these questions become of critical importance. 

When the number of laboratories concerned is small, efficiency may 
be assured by providing something more than the minimum ; but when the 
number is large this solution is extiavagant and, therefore, not permis¬ 
sible. For example, if only two schools are involved and each requires 

*** A paper read at tile Annual Session oF tire Ceylon Association for the Advancement 
of Science, 1953. A preliminary note of the ideas developed here was presented m me All 
India Science Teachers’ Association Lof Vigyan Shifcshak. (The Science Teacher)^ Delhi, iso, 
1958. 
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V'V s .*.or tUi' K 'h -n A. 11 oi oj U*' * n>.*7.i. tn m 'i v. ^ i m vl\ i\n excess cxpen- 
lUttuc o! . V ‘ ' U ■. “n ) - Hill if '*nn • «.'U ir- iir *• c - >nc',*j ne< 1 £i siniilai* ci ror 

nic.-’i c 'n-ii '‘,J31* tif lo’zt R. n ,\ few sucli ei i ors 

can ;KT«‘’.r-i" f* n . n tn'ii - fnnl' Tn fh.' i* i'e i tt IcssciisLiy ilcnis, the 

niinihes j’t.'itv i >■ w n ,in^l ihc v. m in< »ir Un >; waste muy be 

V on^]-.».h' [' \ol tin . ii jn t Kmi lb ‘.I s*..ni J.n il lists i->r appaialus 

me a [?Ci. C''S.!'> tninbuni^i ,<ni> uiftis oonsi-.tenl with eniciciicy, liiive lo 

he t Cl «*pJi 

StiirubniJ lapnp'.iciii i'l n sv^c* muIvII ^ •'i-h* h «ls . i r c relatively easy 

to prepaie, if hipti!’^ expej icncval \cic:.i»i i- v. e tca^hvis are available, 
'rhey can ‘ ’ntlly picjsnc tluni ov. n liM-^ vsincli ate. more i>i Is'ss, satisfac- 
1 1 ‘I y ; hill i'l oni the ai.1 ini ni st r ,i's pi.»in t i *1 view. • i ic) i f/./ /?nf ) ists have 
lit lie value, 'I he uviin in isi i „t im tUr a i cs li -v! s 'hiv. 5 1 sa i ist > llii c c ci itci ia : 

1. They shoukl ytve specitic puidam e as to the laaiincr in which the 
1 ecomniemUitions of the stamkvi il lists nia> I'c niiHlihevl when theic are 
variations in the niiinhers ol laboi aloi ics. the cap.icnv ot the laboratories 
ami the nuinbei of pupils. 

2. I hoy should pivc a tlnlailcvl ixplnit milrcnuon of'llie basis of the 
list s<i that clianpcs rn.iy Intel bv‘ inaile l<i the leconnncnclations themselves 
with an uiuleistaiuimi’ t'C the •>iiMnlii ancc i%r .such chanjics. 

3. "rhev shoulvl be ca('»;iblc of bcinji acicvl on cllicicnily by an aveiage 
worker with a rcastinalilc kiu>vv Ictipc of the stibjccL. 

Standard lists vvltcn picpaied subjectively sviiJiout tin exphoit analysis 
of the pioblcin do not ntirmally rncet those leviuucrnents 

k^lany lists liavc been prepared and icleased tVn* jictreral use by various 
or^taniza lions. 'I lie Unesco series of 'Inv'oniones of Appa i a I us and IS/Tatcrials 
for Teaching Science’ is c»nc of the most ambilunis tifsucJt attempts, ^'he 
All India C’ouncil for Secondary Iklucalion has y'lublished lists for higher 
secondary schools in India. 'I'lie Science Mastexs’ AssticiatLon of Giccit 
liiilain and the con espemd ing le.icheis orpaniy^alii>ns in Anieiiea and else 
where have leleascd aniilogous list.s fi tnn lime to tiinsT. '1 hey provide valu¬ 
able guidanc’c, in peneial, a.s tc* the types <vf etjuiiTinenl vvliich is clesiied in 
leaching lahoTatorics. livcMi vv’hen this recpiiremcnt i.s arlcciuatcly inct, the 
answer to the question, ‘How much of each item '!* is not always indicated 
in a useful way. When the numbers arc piven, the basis tif deductuui is not 
suITicicnlly clear and ex/?lU'if to perniit <jf systematic variation to suit chang- 
ingconditions fiom one location to anollicr. I-uither, when minor varia¬ 
tions in laboratory teacliing practice uic adopted tlic repercussions of such 
decisions oir the equipment and materials position is not always cleaily 
evident and no diicct guidance on the extent of rcscive stocks to be held in 
a cential store is available in any of the heller knowni lists. 
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Wheix the IDepartnient of JEducation in Ceylon launched the present 
proj/.raninic of extension of science teaching all these questions arose ; and 
the prohleiii did not find direct^ satisfactory solutions in. the available lists. 

The limited iiLiniber of trained personnel available and the limitations 
of funds demanded a careful, rigorous ivnalysis of the problem. 

The approach and franiework of thinking outlined in this paper is the 
outcome of an attempt to solve the problem. A. few examples will be 
given to illustrate the ideas which are being presented. The complete lists 
with detailed analysis of the make-up will be released later. 

The sclcctian of apparatus and materials is goveined by the following 
principal factors : 

(O The subject or subjects taught in the laboratory. 

(ii^ The level at which it is taught. 

(iii) The manner in which it is taught. 

This will involve ; 

(a) The purpose for which it is taught. 

(b> The interpretation of the syllabus. 

Co) The relative emphasis placed on demonsiiaiion work, group 
wotk, and individual woik. 

Civ) The environment in which the subject is taught. 

This will involve considerations, such ns, rural or urban ; availa¬ 
bility of sources of supply ; facilities for teachers to mend and 
repair equipment ; the extent of assistance available. 

(v) The capacity of the laboratory. 

Cvi) The total number of pupils involved. 

(vii) The total number of hours involved. 

(viiO The teacher, his background and training. 

(ix) The pupil, his background and training. 

(x) Other factors. 

Some factors <^which are implicit in others) are refeiied to explicitly 
because of their importance. 

In the analysis, each subject and each level of woi‘k, etc., will require 
a particular approach, but the general consideration will remain, essentially 
the same. 

Ill order to make lists functionally valuable, il is de.sirable that the 
above factors be incorporated, systematically into the framework of thinking 
with the adoption of appropriate assumptions, guiding principles, and rules. 

To facilitate work and complexity, it is desirable to recognize two 
or moie distinct levels of work in the school.'* 

* Tor Ceylon scTnools. the following sub-division is recoinxnended . 

(i) 6th, Tth nnd 8th standard level (1 i to 14 years). 

(il) G-C-H- (ordinary level) (.14 to 16 years).. 

(ih) H.S.C. level (16-1-). 
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rr. j. si ' ..f loj',.' r v'v* vsin i/c the niiiiii Mihiects separately anti provide 
h'vT , f*ts each- Iti I’eucral seccintlaiv ‘^chtu>l v.s.irk the hallowing four 
ate relevant . 
ta) Ctcsretai Scicus^c 
I'hyat- 

(c) < hermsf i > . 

t d J liui io>i\ . 

A \cry nniairl.ir^t ^issmnptit>n ninst icLite to the icUittve enipltasls on 
denionstf atinn is-ojk, hy tlie teaelier anti iiitliVKliial tvoik by the pni^ils. In 
j^eneial it will he acec[’tteti that m the II i»» 14 ape pimip, the work will be 
mainly I^upi/ l/sA%/tlerntuistiatitni by the te;ichei . Iiulividual work will be 
tUnic by the pnpvls in suitple sittiati<»n’>v, but \vhete\ci speciali^.ccl ecphpment 
Is inv.4\e«.i the earlier statement will hoUh In the lb i tige gioup the work 
will be lai pcly inchvidiial work tir gionp work by pupils. In the O. C. E, 
fordinaiy level) (i. c, 14 > iti l<i 1 ) an inicimediaie situation will be 
jpcnci ally accepted. 

In undordevclop^'d countries, tnitiatinji pt < aminos t>l’ science educa¬ 
tion, specific icoi^pnition of the thstance i*ii‘>m souiccs of siifiply and the 
non-availability ot o<.(iiiprnent rcpaii units in clt^sc ptoxnnity to the school 
will be noccssaiy. bin llici the tcaelier's competence to rci^aii such equip¬ 
ment, ctimpclcncc m plass blowinp, etc,, will alsc^ have spectlic icpercussioiis 
oj\ the ciuantity ot'es\vnpnieitt issvicvl ami that held in lescrve in a central 
store. 

'rhe basic fiarricwoik of Diinkinii which is nf>w» proposed follows 
directly t'l om tlie conccfit of experimental science itself It is dillicuU to 
define science, but one w<irkable definition is, ‘Experimental science is an 
accumulative, progressive and systematised body of/v/jr.)a'/c’c/.tre arrived at 
hy ohscrvcitiau and experiment -experiment being observation of pheno¬ 
mena under conditions’ It follows fi enn this that the primary 

needs for the practice of science tiic : 

(i) Aids to tihscrvalion. 

(li) Aids foi control. 

The observed phenomena arc usually diiecily or indiicctly associated 
with material substances Hence a third requisite is : 

(iii) TvlaterUils. 

That which is being observed, and exj^en men ted on will usually 
require to be supported or contained. Hence a variety of stands, holders, 
clamps and containeis are essential for the ptaclice of science. A foui th 
group, therefoie, is recognizable, viz., 

(iv) Auxiliary aids. 

As the reference is to a Science TTeachins Unit, a fuither group of 
equipmeat is essential, viz.. 
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(v) Treadling aids. 

All these items of equipment and material will require to be assembl¬ 
ed, maintained, etc. ITcnce a sixth group will be necessary, viz., 

(vi) Tools 

In the Iiiial analysis, a Science Teaching Unit will, therefore, contain 
items of equipment and materials capable of being broadly classified into 
SIX large gioiips 

Group T — OhsG! vatloncil A.ids 

This will include mstiuments and other apparatus designed for quali¬ 
tative or quantitative observations relating to mass, length and time, or 
simple functions of these and the electrical units. If desired this group 
may be further sub-divided on the basis of dimensions of mass, length and 
time, etc. In the selection of equipment in this group the degree of 
ptecision appropriate to each level can be governed by the simple lule that 
in each level there should be piovision for acquainting the student with a 
limit of piccision, which may be appioximately one order of magnitude 
removed fiom that which is familiar to the average student. 

Oroup //—Conttol Aids 

In this gioup will be all items of equipment necessary for controlling 
conditions associated with phenomena. Some of them will relate to 
temperature, pressuie, volume and, if necessary, these may be sub-divided 
on the basis of these fundamental conditions. 

Grozij:} III — Irfciterials 

This will include all chemicals, reagents, specimens and other con¬ 
sumable materials essential in a laboratory. 

Group IV—Auxiliciryf Aids 

This group will include all such items as are essential for supporting 
and containing, for example, stands, clamps, bottles, jars, beakers, slides, 
etc. They may be further sub-divided according to their functional charac- 
teiistics. 

Group V — 'T'ecLching Aids 

This will include charts, models, prepared slides, museum specimens 
and other such aids to teaching- 
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Cr'rn:t;i ?"/ J'oof^ 

"THe 5*c>ie;r i ^ is c’onipi t'Tiiensis’C it is iifvt vifiaTn^ii riious, A. critical 

cxamui .% iP sh 'w th.it sjimc itmis t'f ctpiipmcnt arc not easily assigned 

unicjudy. tv\ parthiilar pn^np. A b;dl-i'ir. for instai\cc, may be viewed 
as a tlfvi. f u c* (ir» l rtill in j' the solumf or ;is a ilevicc for containinf* a gas. 
In rc'-yTiS'l oT a rianib.'r t>r 4%ther faniiliar it'*nis, similar situations will arise 
blit this is not a serious v.ciikness aiitl, fact, is not ti new problem. Tt is 
a situation with whirh oiivi is always c«>nfiontccl, when refined classifica¬ 
tion is iittcmptei.1. It stems from the fas't tliat thiny'' arr^uncl us are often 
multi-functional and arc ni'it easily pi!»conhi>Kitl Xliis* approach provides 
ti salisfac-tory analyt’usil frame\sa>rk for answcMinn the question, ‘What 
type of cquipntenL shouKl be issued ?* 

The cpiestion, ‘//ou’ of each its*n\ shouUl be issued ?' is less easy 

xo resolve, but it is possible to make an analy-.is whit'li is resonably satis¬ 
factory from a practical point of view. 

Xhc number, or quantity, of an item is flciicmdent on many factors 
and for tlie purpose! i^f (hifi iinalysis the T.abtiratoi y C'^apacity fC!) and the 
Pupils Stream Sticnptli CSl a?c used ptefiuentirdly as the basis for tho 
treatment. 

The quantity i'>r number of any particular iiCTn may be considered 
as the sum of the allosN-anccs provided under each the following /bur 

vsections ! 

StciloN /s-— An tilhiwancc which is inclopcntlcnt of (C) and (S). This 
will bo u cpiota which is primarily for use by the teacher only, or for 
demonstration woik only, or for common use hy all. 

SUf'TiON n -An allowance which is dependent on CO) but not a 
simple function of it. TJiis will be a. qu».)ta i>rovided to cover group work, 
the number in the group being ncxible. 

si:crriOW c.—An allowance which is a simple function of (C). This 
will be a quota provided for individual work or group work of a more 
rigid type. 

srnricjN i:i -An allowance whieh is dependent on (S) and a simple 
function of it. Thi.s will be a quota pr<ividecl against dtimage and for 
amounts consumed by students in one year. 

The above tinalysis is best illustrated by a number of examples. A 
few are given below : 

Ex. I. Thermometer 10 to lOC^C Cfor general science age group 11 to 14). 

This will be an observational aid and the quantity can be deduced, 
as given below : 

Allowance under Section A—-1 

Cfor use by the teacher and in demonstration work). 
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Alliowance under Section H — 3 

(for iise liy t;roups of students, tt is assumed tliat 
if t>^G number in the class increases then the 
fiiiinher of .students in a group will increase, 
probably from two to three, and it is also assumed 
that several dilTercnt experiments, normally not 
exoeetHng four, aic .si multaneously arranged in 
the laboratoiy for students). 

Allowance under Socti<'»n C' -d 
Allowance uriiler Sectit'u l>—O (or 1) 

(It is assumed that with the age group 11 to 
I V tha hrciikiigc is a iu>eligible ligiuc in respect 
iif rui item such us this. It should be noted that 
the chances of hroukage lire a function of (S), as 
thcrnifuneteis aie liable to damage every tinre 
they uio takt'ii up for use). 

Bx. 2. Pressure Stove --fl'or ncucral science in The age groii(> 11 to 14), 

This will be a cnntri.il .ai*.! and the number may he considered as 
being uTade up bwdow : 

Allowance under Scciion A 1 

(for U'C in <.iemonstratif>n work only). 

Allowance under Section n-*-O 
AlU?waricc under Section CJ () 

Allowance tuider .S‘action X~>~ O 
Ex. 3. Peakens'*’ 'Horo.^ihcale‘s 

glass400 ml wit It spout-short-form 

(16 i age group ; C 18 and S '^30 to 40). This 
will be an mi.xili;uy aid. The amount will proba¬ 
bly be made up us follows : 

AHowunce under Section A—2 

(foi demonstration w<Trk: and for use by the 
teacher). 

Allowance under Section H O 
Allowance under Seclii>it C.' -*18 

( rhi*^ will be an allowance for individual or group 
w<-»rk>. 

AUow.'ince under Sectii»n 13 -4 

C'fhi-. is un estimate <7r the likely damage under 
the.se ccmtlilions in one year by 30-40 students. 
In the present context thi.s estimate is only 
___ upproxinmte), 

* Tvtany items in a liiolojxy lahfiratcvi v, T’etri dishes, elides, etc., will ho ntaulo- 

gously treated. 
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J 4, ( iKi ^ Si tl.i 4 fi* (t Mini. inciluini wall 

(loi the as’c f 1 <Mip 14 t.i Ki ; C' 18 and S--30 
to 4(1). 

III‘'A .'iMce urnU'i Station A } 11>. 
n<a nee nxuU'i Station H Ih, 

Allow.jnt (' i»n4f? Seeiion (' _ Ih 

ilo) imU%nUuiS s’o^iVv) 

Allov.atKC nni-ici Seetion !> ’ Ih. 

( I ins will he a tiiititci piovidcd fof waste and 
lUmjaj'c 111 one >c*ii ). 

C>n tills ha-sfs it will i^c t'leKir *i school witli a ehcnii.st i y Uiboi atory 

tor 1I.S,C\ s\tn‘k, C‘ IX anti S 3*1 li» 4fi. w ill net an initiLiI issue of 24 
beakers. A centralizctl st«ne will keep a siilhcicnt quantity in stock to 
i.ssue approxintaleiv four beakers l\>r each leavhin>i Unit ajtainst damage. 

C>n the otber hand tv ciieniislry l;vl->oi;iloiy Um' II S C' Icn’cI wox'k, with 
C' 3(S %ind S 30 to 40, v.e., a lal'nnati'iy s\htch is Ungci hot where the 
strcivm sirenijtli in the scbo<4 remains lUc sjunc. will have received 42 
beaket s made up as I'tdlows : 

•\ 

H II 

t ’ ' h> 

n 4. 

I'lirlhcr an ll.S.C’. chcmisliy laboialory, with C‘ IS and S - 120 to 
loo, svill have reccivcvl beakers, the nninbci beinj* ntvide vv|'» as follows: 

/\ 

n () 

( ' 18 

l) lb. 

It w'ill he seen that this analysis peiinils the calculation of the amounts 
to be issued to v'arious locations vni a eci tain btisis of lalionality. It is 
not suggested that in this type of woik niaihemalical precision is possible 
or even that it is desirable. What is proposed is that a reasonable techni¬ 
que for estimating sliould be available and one that docs not always demand 
the attcnliini of a highly cxpeiieiiced and trained science- .specialist. 
Ouess-work is ininiiniv^ed and oven when iisetl is iccogni.«>:c<.i as such and 
not mistaken foi careful e.sLimatitiii. 

The above reasoning gives pieliminury lists from which mininium 
standards consistent with workability and cniciency may be deduced. 

An analysis, such as the one suggested, indicates to what extent the 
amounts aie liable to ciror because of subjective judgement. Further in 
the case of a large oiganiziation with a. network of laboiatories it gives 
specific guidance on the relative amounts of stores that should be main- 
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tamed ^ls replacements. It also provides a definite indication of tlie 
manner in which statistics should be maintained in a centralized store. In 
theory, and in practice, it should be possible over a period of 5 to 10 yeais 
to eliminate the subjective elenienl to a very large extent. 

In the analysis, it has been assumed that each subject has a. laboia- 
tory for itself. HThc framework of thinking enables one to compound 
lists for two subjects when these two subjects are taught in the same 
laboratory Xhc method of doing so will be evident from the analysis 

In addition to the administiative need, the author would postulate 
that the new framework of thinking serves a distinct and vital educational 
need as well. Xhc teaching of general science will be a real success only 
if the science leachei willingly and actively exploits the environment to 
meet the needs of the classroom. In countries, with limited financial 
resources, an extension of general science teaching is possible only if the 
teacher is piepared to undeitalce this. He should do so not only in. respect 
of materials but also in respect of equipment. With a view to meeting 
this need many have suggested various iinpravrsed items of equu^ment. A 
veiy significant coiitiibution in this field is the C/nesco Soui cehoak of 
Scic^nco 'Teaching'. Rut it is important that the substitution of the com¬ 
ponent leadily available in the environment shorild be carried out with an 
appiociation of its funclional adequacy. It should not be done with a 
feeling of dissatisfaction because the foimal apparatus is unavailable If 
the substitution is functionally adequate foi the purpose, no apology is 
needed aitd none should be offered for using it It is important that the 
teacher and pupils should look upon equipment and materials notin 
isolation but as connected with specific functional characteristics. 

Xhe teacher should not use a tin with a sense of dissatisfaction, all 
the while under the impx'essfon that the thing to have is a beaker. If what 
he wants is a wide-mouthed container (not necessarily transparent) resis¬ 
tant to sudden changes of temperatuie but not acid resistant then he 
should accept the tin with satisfaction because it is functionally adequate. 

If he wants a container winch is not rapidly affected by acid and 
alkali and optically clear (but not necessarily resistant to thermal shocks) 
then any wide-mouthed bottle should be accepted and used without an 
apology being tendered. 

On the other Hand if he wants a vessel which is not affected by acid 
and alkali and resistant to thermal shocks (but not necessarily clear) then 
a porcelain cup would be functionally adequate. 

But if he really wants for his purpose a wide-mouthed vessel which 
is acid-alkali resistant, optically clear, and resistant to thermal shocks, he 
is entitled to complain if a borosilicate glass or similai beaker is unavail- 
nblA 
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Aiid if» in to tlio he icciuires n vessel with a high 

(ran s|';4reney to utha seil a? tl uUi .i-s ii ilet, then he should demand n high 
tiUuUty cleiir ht.da i » a-s no oilier will !io tuncLionally uclcqnatc. 

iV'tii dehes, ;it;d I’liUme thi'-ks tif ^aiioiis types have well 
defisif. 1 hint f ionul 1 1 um .le tcr isties. 

U may t.iiilv he a*.sciled that m> teacher should piesent an experi¬ 
ment to a ela-^s v. Irhovil apfn eeiatniiv the innelionLil e-hariictcnstics of every 
eompos’icivt 

Apail fri'in ihi--, the wtiikcr will sec possil^le improvements to equip¬ 
ment wiien he \ iew s Iht in from a. t'li net h >nal standpoint. 

’I'lns iisp^-et tvt tile stmly of ctinipnient is valLiuble to all science 
wtukers, Jt should form an essential ccnnptmcnt in a science teacher 
trtdninf* propraminc. 

A science teacher wtio lacks this iindeistandinp. i.s deprived of a great 
asset. In tT\c tmthoi's opititon tlii.s mcntKil skill is tit least as important to 
the science teacher ns ilac rnunipulalive skills sucli as vvot>ci-work, glass 
blowing, etc. 

llosv much mt.aul etpiipineitt is availahle to a teacher depends niore 
on the tcnchci's atiitin.U' towarvls cc|iiipmenl and his f>wn lesomces than on 
the equiptneut itscU Any apin’viach which lielps the teacher in lluii lespect 
is a valuable one- 

Xlto present (Varnowfirk of thinking can contiilnite positively in this 
direction. It will probably prompt (he teacher to approach equipment 
from a functional standpoint. *rinprovj>'ation’ will cease t4> he tv casual 
activity pursued on the basis of odd sug>icsLi«.^ns. It will come about 
as a ier.uU id* a cll-desjgned appioach to I'noblcnis relating to 
equipment. 

'rile teacher who eulnvutes such tm attitude of mind will soon come 
to agree that, hhe whole world is a labtsialtny and cvciyiliing in it is 
equipment and matciial ftir teaching science’. 

Everywhere thcic is an increasing awareness that it is important to 
provide greater facilities for teaching scUnvoo and technology. This is- 
bceausc science and teclinology have produced immense changes in man’s 
ability to understand nature’s my.stciics and to control and utilize its 
forces for his purposc.s. Wherever peoples tiic confronted with low 
standards of life and aie tiying to improve them they turn to science and 
technology. To in4plement the plans that have been prepared for the 
adequate teaching of science in schools and colleges i.s admittedly a long- 
range enterprise. Any guidance towards impioved techniques in this field 
of education would surely be of great help. CEor this reason TJnesco is. 
presenting a series of inventoiies of apparatus and materials for teaching 
science at all levels.) 
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The above words are from the preface to the Unesco series of Inven¬ 
tories of Apparatus and Materials for Teaching Science. The present 
analysis is an attempt to provide a fundamental rational basis for the 
construction of such lists, a framework of thinking based on the nature of 
science itself. 
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li isi T'ii 11 , . 11 .‘i’ . c,,t I '.c »■ -a r if ll.C'C l,"igti;t(' 1 In 1 , it I, uliK e sc ifiice teachers to 
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I’oih.iph. t!ic tiio-t t"iiiitl-t inunt.tl c hit act v‘i t,f i e' ol olli liitics ts the 

Im :uttl iiiicnsc cuUivali, ai tif veii-tiLc. t'tnt- .tiul applied. In the 

j^riissth iil stienee ilie most sipmlitatil tliin:' is its i.'iisi,l tatc of cxiiansion, 
its 'pace iif pi oiti e;--.' Scientific Km>%\letli'.c .iiiil al-.o lliiiip.s clcisclv related 
to .science liatc ,t /ii’t/o./ or.ihinit lO-lS \e.tis; tliat is, it takes 

.s'Pinc 1(1-1.'' yc.ns lor the volume of .scieiinlie knotvlcilia; aiitl of activities 
or thhxiJs diieclly linkcil vtnli '.cietice to ttoiihle ilu in.selvcs This has been 
so for the Itisl two ot ihn.'e Imiulicd \oai'.. 1 lie tiouliling period can tie 

estimated in sevetal ways, c.p from the tai" of mciease in the mimhei of 
scientists and em'incei',, iiiunhei ofscioirco books piihli.shcd in the year, 
mimhci ol' science, joiunals, mugnlfyin.e power of microsei't'es, speed of 
ttiiertilt. output of coal, piotitiction of clecti ici ty. miml'ci t'f road accidents, 
and so on. No mattet what index we use, the doubling period turns tjut 
to he roughly the .s.iine, I-'rankly. wc tio not at all iindcrsttuui why the 
doubling period should have this value of alioiit 1 .s yc.ii.s, and why it 
should have remained the .same over ,i relatively Umii I'cnod. The expansion 
of seientilic knowledge is so rapitl that comparcil to ii eveiything else 
tUtpcuics to be almost .stationary ninl uiichanpiuit, <Vlso, tlioupth at the 
beginning of the ‘soic-milie revolutitm’ .soii'iicc luul almost nei’ligiblc impact 
on man’s every-day life and on society, hccause ol il.s e.xtraoi diruit ily fa.st 
rate of growth it has now come to oveishadow in a .sen.se everything ekse. 
A. doubling period of 15 years is equivalent to a multiplication factor of 
ncaily 100 over a period of lOO ycais. As an illusirntioTi, take the case of 
scientific journal.s. Starting with a handful of peiiodioal.s about 1750 A.D., 
the number rose to some lOOO about 1X50, and to nearly 100,000 in I960. 
It would in all probability reach a million by the end of this century. 
This exponential rate of scientific growth cannot, of course, continue 
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ii:ideiinitcly. Sooiiei or Uitei ‘saturation’ must set in. In fact, tine first 
signs of an onset of saturation are visible even today. 

Witli tlnis growtln in tine magnittide and complexity of knowledge, 
man’s capacity to learn and absorb knowledge lias nemained almost tbe 
same. It cities not appear to liave clianged appreciably since tbe invention 
of wriung. T'inere was a time wlnein one individual—of course an excep¬ 
tional one—could eincompass lUc wlnole of science. But tins is no longer 
true today. The days of encyclopaedists who knew all branches of science 
were over about one hundied years ago- 

Xhe giowth with time in the quantity of scientific knowledge (e.g. 
number of science journals) is indicated by the continuous line m Fig. 1. 



Fig. ]. 

The dotted horizontal line indicates (in a crude sense) the upper limit to 
man’s capability to learn and acciuire knowledge. ISTotice that since about 
1850 the gap between human capability and the bulk or magnitude of 
available knowledge is fast increasing. The only way man with his 
limited capabilities can cope with science expanding at a tenific rate is to 
fragment science into smaller units called subjects ; and a further frag¬ 
mentation of these subjects into sub-subjccls, etc. Science and technology 
today are divided into some lOO to 150 such subjects. This division or 
comparlmentalization of knowledge takes place often arbitrarily, as a 
result of historical accidents. It is hardly possible for a person today to 
master even one subject. It is almost impossible i:iowaclays to be a 
complete physicist. This fi agmentation of science implies the great 
importance of cross-communication between different branches. Frag¬ 
mentation is artificial, and in essence, science is a unity. 






u. tiun ri'i ph>sics. Ifow arc we» students and teachers, to keep 
|uic-e .M?h i^nr subject inf? from day tt> day at an exponential 

rale ‘ There *s -io miicfT ui learn today ; and there is so much more to 
learn with every year. It is apparent that we need a veiitable 

revoUitu^n in s%llabt;s, m irieth^^Kis of tcachingr, and in methocis learning, 
if wc are to s-t^pr with the expl^^sion of knowledge In simple terms what 
one has t^s do at the school stupe is tti ct^ncentrate on fundamental 
principles only Tlvcry thinp whicli »s <->f passing interest, which has only 
.1 limited relevance, which cit>cs not help broaden and strengthen 

understanding, can Iiase no place in a hiph schot>l syllabus. Also, these 
mean f?rcator stre.-s than has been the case in the past on mathematics as 
the basic tool fs>r understanding; physics. 'To bring abtmt this desperately 
needed revolution in our syllabus—'and nothing short of a revolutian will 
do if our physics teaching in the schools is to piottt by and Tit in with the 
profound in.sight and simplification oiFcrcd by rcluiivity and quantum 
theory in our tindcrsfanding of nature require, the combined elTort of 

researchers, scholars and teachers in the universities and the schools. We 
need to establish channels of communication between the schools and the 
universities. The PSSC book is a magiuticcnt ciTt>rt in tltat direction ; 
and we sh».mld be gratefid to the band «;>ulstanding physics teachers 
(from universities and schools^ whi.> g;ithcicd togcilicr and worked so 
devotedly to produce this splendid texiViook. J'his book has been tried 
aucces-sfully in liundreds of schools in the USA liven more important 
than the content of the book is the approach wJiich it illustrates, and 
which i.s extremely commendable. 

There is at prc.scnt almost a revolution in the teaching of science, and 
this is manifc.st in several countries. The Science iVlusters* Association in 
the UK. have also produced an excellent textbook. We inust lake full 
advantage of all tlie available literature from USA, UK, USSR and other 
countries to produce a book best suited to our own needs, conditions and 
requirements. 

I referred to the PSSU book of nearly 650 pages fabout 450,000 
words). Part I of the book is entitled *Tha Universe’ (17H pages). Part II 
is on Optics and Waves ^127 pagc.s) and I*art III on MccVianics (135pagcs) 
and Part IV is on Blcctricity and Atomic Structure (172 pages). The part 
on Vlechaniics has a chapter of 19 pages on Ileal, Molecular Motion and 
the Conservation of Energy. There is no mention of the specific heat of 
gases, calorimetry, expansion coeflicicnts and such topics ! There is no 
Bunsen’s ice calorimeter, no Jolly’s steam calorimeter. There is no men¬ 
tion of Gauss, Regnault or Gay-Lussac, but here we read about Maxwell, 
Bohr, Emstein and Planck. 

A word may be said about the system of units employed in the book. 
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It uses the M.K.S. system instead of the usual C.G.S. system, it would 
be of good value if right from the school stage we introduced the M.IC.S. 
system based on meter, kilogram, second; and ampere as the unit of 
current. 

Another point one may mention is that of language. As Professor 
A.M, Taylor has pointed out in the Bulletin of the Institute of Physics 
(Nov. 1962) ■ ‘The teacher cannot be effective as a teacher of science, and 
tolerate slovenly English. The pupil cannot construct anything of scientific 
value if he be unable to use the tool of language. The duty of a scientist to 
teach good English is as insistent as his compulsion to teach exact science 
I would remind you that habits of loose writing, once formed, are hard to 
eradicate, and vvotse still, blind the writer to his own faults, so that he 
soon becomes satisfied with his woolly inexact style, and is unable to appre¬ 
ciate its poverty and inadequacy as a means of communication ; eventually 
his faults react upon him so that his thinking becomes as imprecise as his 
writing ; even though the student may acquire a great store of factual 
knowledge, he fail.s as a scientist because he becomes unable to apply his 
knowledge ; his powers of logical deduction are clogged by his misuse of 
language’. 

This underscores the importance and urgency of producing for use in 
our schools first rate textbooks not only in English but also in the Indian 
languages. 

It is universally recognised that good and progressive universities 
can only exist if we have strong and good schools. To bring this about, it 
is necessary that there is no unduly big gap between the universities and 
the schools, and everything possible should be done to bring together and 
to establish channels of communication between university and school 
teachers. A Summer Institute such as this is therefore to be welcomed 
from every point of view. There is no doubt that it would make a valu¬ 
able contribution towards the progress of physics teaching in the country. 
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NEWS AND NOTES 


L^'yom the T>opartment of Science Education 
SCIENCE TALENT SEARCH 

During this yeai the Department has launched a pilot project of 
Science Xalent Seaich in Delhi Xerritoiy. Xhe objectives of the project 
are to identify boys and girls of secondary schools who possess potential 
creative abilities in science, to stimulate scientific talent by competitive pro¬ 
cesses and recognition of merit, and to help m building up a body of future 
scientists who will contribute to the scientific advancement of the nation 
in the fields of both pure and applied science Any boy and girl study¬ 
ing in the final year of a higher secondary or multipuipose school, or a 
school which prepares students foi the Indian School Certificate Exami¬ 
nation with science and/or mathematics as optional or elective subject, 
and who is certified by his science teacher as being above the average in 
science or mathematics is eligible foi test. The selection procedure.s con¬ 
sist of three parts—a scholastic aptitude test, an essay test, and an interview 
About 400 students drawn from the eleventh class of higher secondary 
and multipuipose schools of Delhi took the examination during this year 
at five different centres. The interviews will be held in the second week of 
•Tilly. The first 10 winners of the test will be awarded scholarships at the 
rate of Rs. 50 jier month in the first year and Rs. 75 pei month m the 
second and third years, the only condition being that they should join a 
science course in a college oi university. In addition each winner will 
also receive a unit of science books and appliances costing not more than 
Rs. 100 during each year of his study in the college or university. Xhe 
project will be extended to more States and Territories during the next 
year. 

IN-SERVICE TRAINING FOR SCIENCE TEACHERS 

At Dehra Dun 

A four-week Summer Course for teachers of general science from 
Uttar Pradesh, ISdadliya Pradesh, Rajasthan, Punjab and Delhi was 
inaugurated on May 20, 1963 by Dr. K. P. Bhatnagar ex-Vice-Chancellor 
of the Agra University under the presidentship of Dr. P. D. Gupta. Dr. 
S. ISl. Srivastava, Head of the Department of Physics of the D. A. V. 
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J)ehra Uiui. ihv T>iitc.t<a the- couiso. Six .senior science men 
arc in iTf^tru«..ti«n»al vs«uV, m the co\ir‘-e which has science graduates 

as participruit’- 'T hr emphasis in this c<mrst* is mainly on content especi¬ 
ally «'>n the hasit a.iui inter-chsi !]''Hniir> vcirm.es. 

II Yiit^r iihinl 

A ssnnlar ctuitsc s’, as star led al I f yilei abad for the benctit oT science 
icachers the Stuilh ft was iiiaui*iiiated on May 1(1, 1963 by Justice 

I'.khoic. The IJiTCctor ot the touisc is I‘n>r S. S- Kulkarni, f-Iead of 
the I>cparlnient of botany. ViveV, Vaitlhim C *olle>-»e, Hyderabad. Forty 
science graduates frtMn CJitiarat. Nlah;ir:ishtra, Andhra Pratlc.sh, Mysore. 
Madras and Kciala arc parUvtpating in ihecoUTsc, 

<^f-Mfa.AL St.’U >:< M- NY 1 l •MU s <’I \SSI N \ vui 

Ouring the yciu 1962-63, the Oiieelorale tif lixlcnsion Programmes 
for ScctMidary t*ducation had prcpiircd an integrated syllabus in general 
science with the help f>f science teachers drawn IVom all over the country. 
IJuriiig the current year, this syllabus was subjcclccl tt> further scrutiny by 
two uU-India groups of science tcachorA. As a result of these relineincnls, 
a final cdilit>n of CJcncral Science Syllabus l‘c>r classes I VIIT was pre¬ 

pared and has now come out of press This syllabus is laid out under 13 
broad areas tif content covering Aii, Wiitcr and V/cullier ; Rocks, Soils 
and Minerals ; Human l^ody. Health and Hygiene ; Safety and F’-irst Aid ; 
Hou.sing and Clothing ; Hncrgy and W<.>rk ; Matter and Materials ; Living 
Things ; Plant I.ifc , Animal Life ; .Scientists at Work ; Measurements ; and 
Our Universe. l*'or each of these areas major and sub-concepts have been 
spelt out. This publication is now available from the Chief Publication 
Officer, Publication Unit. Ll. C*. I-I. R. & '3'., 11^1^, Sunder Islagav, >Few 
Delhi-1 1. 

The Department has now taken up the preparation of suggested 
activities and experiments based on these concepts, to help the teacher in 
developing each of the siib-conccpis. Two handbooks on activities are 
proposed to be brought out-—one for classes J to V and the other for 
classes VI to VIII. It is expected that they will be available for our 
science teachers and readers during the year 1963-64'. 

SC’U-'NOIt. I'AMtU.K 

The panels for the writing of textbooks on Physics, Ohemistry and 
Biology have been making active progress during these months. The 
panel on Chemistry textbook at its second meeting in M!ay allotted specific 
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areas to the different authors. A workshop at Dalhousie was planned 
for June-July 1963 where the authors of the Physics te.'ttbook would meet 
and wiite up the chapters. 

The authors of the Biology textbook have also made good piogiess 
rn writing the chapters assigned to them. 

PROGRAMME ADVISORY COMMITTEE 

The third meeting of the Programme Advisory Committee of the 
Department was held on May 31 under the Chanmanship of Dr. D. S. 
Kothari, Chairman, University Grants Commission. The meeting 
discussed the science talent search, programme of summer institutes in 
training of science teachers ; establishment of the central workshop etc. 

SUMMER 1NSTITUTE.S 

The NCERT, University Grants Commission and the USA 
have collaborated in organising summer institutes at Madras, Poona 
and Delhi in Biology, Chemistry, Physics and Mathematics respectively. 
The object of these institutes is to introduce teachers of these subjects 
to the recent developments in the field and to the new textbooks and 
teaching materials developed in these subjects. The institutes run 
for a duration of 8 weeks, and offer each day two hours theory followed 
by practical work. They have been located at the universities at these 
respective places. The Director of these Institutes is a Professor and 
specialist in the subject. A science expert from USA, two teachers from 
teacher training colleges and other specialists assist in the programme. 
It is proposed to expand this project in succeeding years to enable 
more science teachers to participate in and benefit from the programme. 
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Hi III-.f, NIiCTr-iw^Hill Huck Hniiip.niy. liic.. New York, 

1 V(>f» 

I.ifc .11 '.'.e viinlervt,ii\U ii now is onpossil-ilo wittioiil pUliUs bccivuse 
liui oityi'.e’i ievel in osir alnmsphttrc is lu.imt.nnoi! Isy Uic iictivities of plants 
When nirin spcL'nl.nos who'her livini; thinjis exist on other pliint.s the first 
invostit'.ition whetiioi plant htV- is possiViIe theie. Plants aie essential 
for hfe., heeanse plants provutc fooil fin man. the nietlicine he needs and 
oven tlK‘ ox\)'L‘ii h.- hieithes All these f.iels are explained in very simple 
langnaj'e in this liook /'fiinlx rnjtiv unJ 'n>»ii>rrr>w Plants in soil, oceans 
tintl even in sp.u'i- are- liiscnsseil. riieie ate not many new advances 
which the author has not inenlioiiod ami yet the treatment is not textual. 
Some of the impottanl areas uf advance handleil by tlie author are the 
■search for plants- low arid liifthly advaneeit which yield ilrtrgs. the diseases 
of plaitls, tite auxins and the gntwth hormones, liplu and its cfTects on 
plant life cvele, how to face the increased demand for food and the 
possibility of sihice itardens in space ships, which will make the traveller in 
space .seir-sufiicient with rejjard to his food and oxygen reqLiirements. The 
book titus gives a flood of information, supplemental material for the 
teacher, which he can use in e.xplaining the intricacies of plant life to his 
students. In this wav tiic hook is very u.seful 

.S, IDoRAISWAMt 


Klenionts of IJiolegy : t-’Atii. U. Wt-isy. 

McOraw-1 till iiook Company, Inc., New York. Ihfil, S 7.50- 

The conventional textbooks on any discipline of science are des¬ 
criptive, full of facts which are to be memori/.ed. Often the book will 
include practical applications of science related to industiy, agriculture and 
other aspects. The.se were good up to a point but with the ever-increasing 
scientific knowledge, information memorized without understanding is 
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likely to be forgotten soon. A first course in biology should be analytical 
rather than descriptive. Elements of Biology has been written with this 
aim in view. It has taken the molecule as the basic morphological unit of 
discussion and the moleculai reaction as the basic physiological unit. 
Details of actual chemistry are avoided, but the orientation is molecular, 
i e., the student should learn to think about living processes ‘from the 
molecule up’. As a matter of fact, the book puts greater emphasis on the 
molecular, cellular and community levels of biology. 

Part I discusses the origin of life in sequence from atom and molecule 
up, the nature of all levels of living organization. These chapters are the 
key to the molecular orientation. 

Part H deals with the nature and structure of living substance. It 
begins with a chapter on properties of protoplasm and the cellular 
organization. This is followed by types of living organisms, both plants 
and animals, classified into four groups 

Part III IS an up-to-date account of metabolism All the important 
reactions in photosynthesis and respiration are discussed with the aid of 
flow diagrams devised to make the points clear. Details of chemical 
equations are omitted. Modern concepts are dealt with in depth. 

The next three parts deal with self-perpetuation under the headings, 
steady state control, reproduction and adaptation genes, vitamins and 
hormones ; the body fluids and nervous coordinations are some of the 
topics under steady state control. Reproduction in plants and adaptation 
genes and traits, Mendelian and non-Mendelian inheritance, the mechanism 
and the course of evolution are described till we arrive at the modern 
man 

The flow diagrams and the illustrations are very instructive. 

The matter presented covers all recent concepts of several processes 
and the book will be a valuable reference book in any school or college 
library 


S Dokaiswami 




EVOLUTION 


P. K MENON 

Formerly Professor of Zoology, Presidency College, Madras. 

PRELUJDE TO LIFE 

Evolution is still a much misunderstood subject even by the educated. 
To some it means that man has come up from the monkeys To the 
orthodox Christian it is blasphemy. To the spiritual man it is dangerous¬ 
ly materialistic. In reality it is the obvious fact that animals and plants 
of today have descended from those of the past and in their long history 
since the beginning of life about 2000 million years ago, they have under¬ 
gone change in structure and behaviour to suit the changing environment. 
If it IS accepted that conditions of life have been changing in the long run 
and that animals and plants are generally adapted to live where they do, 
then surely they must have been changing with changing times. In other 
words they must have been evolving. In the process they have become more 
and more diverse and complex. This is the fact of evolution. Anybody 
who studies nature with an open mind can come only to this conclusion. 
As to how evolution has occurred, what have been the methods and mecha¬ 
nisms of change, diflferent views have been held. Theories have been 
formulated, modified and even given up. But that does not affect the fact 
of evolution. There have been many theories as to what causes cancer. 
Some of them have been disproved. Even if all of them are disproved 
cancer will still be with us painfully. Similarly the fact of evolution is 
unshakable even if the theories clianged like sartorial fashions. Evolution 
is as proved as anything can be scientifically proved. The mixing up of 
the theories and the fact of evolution is one of the popular confusions 

Evolution is not confined to the living world. It is equally true of 
the non-living. The concept of evolution is as old as human knowledge. 
But it became a science only about a century ago in the hands of Darwin 
who refined it and established it on stable foundations of observed facts of 
nature. He also suggested a mechanism of evolutionary change which 
still holds good largely. Though a science in its own merit, evolution has 
contributions from physics, chemistry, mathematics, astronomy, 
geology, geography and the social .sciences. These have raised evolution 
to the status of a universal law of nature, an all-embracing process in time 
and space, operating continuously, producing variety and novelty. 
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I'Vtr \e,«r*v ,irrcr ihti <^ri<»iri of the uaiverse, roughly 

aHitut niilhon ve-srs a^f» itccorUinjj to u*^irt>nomers, evolution was 

purely cosmic omf'sr.iretS tlie \us.t universe with its tuiHions of galaxies 

^»nt1 milUons of miUions of stars and the endless space between them. The 
meehantsm of ionary chanjte was purely physical and chemical and 

nosvherc did matter atiain ls> yircaier complexity than molecules of a few 
atoms. in this itumcri^c proces** cnc4»mpiis,sinK incon'iprciicnsible time and 
space there wa-Hi mtlhtstss like a purpose as we understand purpose. Cosmic 
cvfdmion was* however* a ncccssaiy prelude to life. Tvlatter had to evolve 
to a certain physico-'CHemical condition before the complex living subs¬ 
tance could ori|t*tiate. T*his happened about 2CKK) million years ago in a 
very restricted pari c^f the univers^e. It could happen only on planets with 
the physicochemical coriditionii conducive i«i the formation of large com¬ 
plex molecules not known outjiidc livintt niaticr. Wc arc certain about 
the existence of Ufe only in our planet. tJnlikc in the purely cosmic 
region* in the biological sphere mailer attained a higher degree of com- 
plextly- Xhe basic constituent of living matter is protein of which, 
numerous varieties exist. 

'I'hc i>ec«liar feature t>f the living .stib.s;tancc is that it consists of 
ntolttcules made of hundreds of thousands of atoms. It is due to a signi*' 
fictmv property of carbv>n linking up atoms in chains, rings, etc., in endless 
variety and great coitiplexity. What wc call life is the manifestution, (shall 
we say property), of this uniciuc organization of matter. The complexity 
docs not end there. Pi-otoplasm, the living substance, is made up of com¬ 
binations of proteins. A. cell is still more complex in having organized 
parts like the nucleus regulating the life of the cell and attaining a unity 
and an mdividuality in itself. Protozoa are the organisms at this level. 
Millions of cells go to make up a higher organism which is an 
integrated individuality of a higher order. The multiplicity and diver¬ 
sity of organisms are well known. There are a million species of animals 
known, and about a third as many of plants. M.any more existed in the 
past and became extinct. This diversity which is the outcome of an innate 
evolvabiitty is an essential aspect of life. Change is the essence of exis¬ 
tence. The bewildering variety of organic forms is the product of biologi¬ 
cal evolution through a mechanism not known to operate in the cosmic 
sphere. This mechanism is natural selection. 

BIOLOOICAU 

IMatural selection has been as much misunderstood as evolution. 
Unfortunately Darwin and his immediate followers used expressions 
like ‘struggle for existence’, and ^survival of the httest*. These were 
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xised in a. metapliorical sense. They have been taken more or less 
literally by many and interpreted in various ways. Natural selection is 
the inevitable outcome of the obvious fact that some individuals leave 
more progeny than, do others. Their type will necessarily be numeri¬ 
cally more in the next generation If this were repeated through successive 
generations, that is, if the type were selected, then it will eventually form 
the majority of the population. A. type will thus be selected if it differed 
from the others in a heritable and advantageous way, advantageous in the 
situation. That is how populations change, developing and accumulating 
advantageous features and. thus becoming more and more adapted to the 
environment. Struggle for existence and survival of the fittest have no 
relation to evolution unless the success in the struggle and the so-called 
fitness lead to having more progeny which need not always be the case. 
So evolution by natural selection is really the differential survival of the 
favourable variants in relation to the environment. 

Natural selection can work only on heritable variations, variations 
based on the hereditary material. This material is contained in the germ 
cells, the sperm and the ovum- They are the only organic bridge between 
the parents and the progeny. Hach germ cell, the sperm or the ovum, has 
in the nucleus a definite set of delicate bodies called the chromosomes. 
They are big enough to be seen with the microscope. "When the ovum is 
fertilized by a sperm, the product, the zygote, has two sets of chromo¬ 
somes, one set obtained from the father through the sperm and the other 
from the mother through the ovum. For every paternal chromosome 
there is a maternal one. So there are two of every type of chromosome 
in the fertilized ovum. It is this fertilized ovum that becomes a new 
individual through the process of development involving the repeated 
multiplication of it into the millions of cells composing the body and the 
change of the cells into tissues and organs. At any division of the cell 
every chromosome duplicates itself and the members of each duplicate 
separate into the two daughter cells. The two daughter cells hence will 
have each two sets of chromosomes As mentioned above the germ cell 
has only one set, i.e., only one of every type of chromosome. This reduc¬ 
tion is effected in the two successive cell divisions involved in the ripening 
of the germ cells. Hut for this reduction the progeny will have twice as 
many chromosomes in each cell as the parents. This reduction in the 
number of chromosomes by half before the germ cells pool their chromo¬ 
somes in fertilization to start a new individual, ensures that the number of 
chromosomes is maintained constant in every cell of every .individual of a 
species. 

A chromosome is not a homogeneous body but a string of units 
called the ‘genes’. A gene is a particle top small to be seen through the 
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i!ltcr«n»cope. V hr%>«mtHtnnc may tarry hunilreds or thousands of genes. 

The fitsneh are the »in«ts trl' inheritance They arc made of deoxyribonucleic 
acid fO>IAh and represent the hereditary potentialities. These potentiali¬ 
ties are roali^'ed as charactci istics when the fertiliired ovum develops into 
She adult organism. in tleveftipmeni the genes react with one another 
and svjth the ceil substance and the environmem to produce the adult 
individual. To pti into the details of the process will be to digress too far. 

Kince a chromosome is a string of genes, the duplication and the 
separation i»f the chroino.somes at cell tlivision.s are really the duplication and 
the separation <sf the genes i.e., of Ohj/v molecules. The.se proce.sses are 
exact, but occasionally some gene t»r another produces a duplicate slightly 
difTercnt from the original ; and this may he a change in one or more base 
pairs In the DMA. mirleculc. This is a "gene mutation’. In further divisions 
It duplicates in the new form until it happens to mutate again. If a 
mutation were to occur in (.he germ cell, its it sometime.s does, the progeny 
will get the molant gene and will differ from the parents to that extent for 
better or for worse. This is one way of genetic change. There are possi¬ 
bilities of other changes during the formation of the germ cells. They get 
difTercnt assortments of paternal and maternal chromosomes. The chromo¬ 
somes often exchange genes. There i.s thus a reshulTling of the hereditary 
muterial every time the germ cells arc formed. As a rc.suU, no two germ 
cells of an individual have identical genes. In addition, fertilization is a 
bringing together of chromosomes from two parents, it will be seen from 
the above that the mechanism of heredity provides for continuity as well 
as change. In other words the mechanism ensures heredity and variation. 
So the progeny on the whole resemble the parents which is heredity, and 
at the same time difTer among themselves and from the parent which is 
variation. Reproduction, heredity and variation are the primary attributes 
of life enabling populations to change and adapt to the environment under 
the operation of natural solecUoti. That is evolution. 

This technique of evolutionary change is peculiar to the living world 
and has been responsible for the increased tempo of evolution in com¬ 
parison with that in the inorganic sphere. Fossil records show the general 
course of ©volution. The evolutionary history of the backboned animals 
is clearly portrayed in the record. The story began about 400 million 
years ago with flsh-liko animals with neither jaws nor real fins. They were 
followed by various kinds of fish. One of the earlier of them shows the 
origin of the jaws from the first gill arch. Another, a little later group, 
had the basis of the limbs and the lungs with which they could venture, 
into the land and become gradually adapted as the first vertebrates on land, 
the amphibia- Then oame the reptiles out of the amphibia. From the 
reptiles arose the birds along one lino and the mammals along another. 
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Two modes oC evolutionary advance can be seen, througfiout. One is 
a slower process of all round advance as when the fish evolved into the 
amphibia or the latter into the reptiles, or the reptiles into the mammals. 
Each is a new form, of life elficient m exploiting the more exacting environ¬ 
ment which is progress in the purely biological sense. The other mode is 
the diversification of the new type so as to fit into different environmental 
niches. Among the fish arose forms adapted to live in the open sea, at the 
bottom, in the shore waters, and in the estuaries on the inland waters. 
The same process can be noticed in the amphibia, reptiles, birds and 
mammals. They radiated from a central general type and became more and 
more specialized in diverse ways to suit diverse modes of life. This second 
mode is a far quicicer type of evolution. But it should be remembered that 
this process is only a diversification of an organization Among the 
mammals there are the flying, the aquatic, the terrestrial, the burrowing 
and the arboreal forms. They are all still mammals. So it is different 
from the other mode by which the fish became amphibia, the amphibia 
became replilia, and so on. This is evolution of the stem form raising the 
upper level. The other tnode is the diversification at a level. Both have 
gone on from the very beginning of life and enabled life to populate all 
the possible types of environment. An organism will be pointless apart 
from its environment, A population always evolves to conform with 
its environment as surely and as inexorably as water takes the shape of the 
container. The existence of any unpopulated niche provokes life to produce 
the appropriate form to inhabit the niche. The organic diversity is, 
therefore, an answer to environmental diversity. 

Throughout the long history of life one can notice in the geological 
record changes in the environment and the consequential changes in the 
organic world. 'Natural selection was at work directing the change so as ■ 
to fit the organism to the environment as explained above. Genetical 
changes are always fortuitous and of all kinds- They are not relevant 
to the situation or the needs of the organism. If some are, it is an 
accident. It is natural selection that gives direction to evolution by 
selecting the favourable variants to have more progeny, generation after 
generation and eventually to form the whole of a population. Of course, 
it takes aeons of time to bring^'about any substantial change to the extent 
of being a new species. The speed of the process depends much on the 
rapidity with which generations succeed. In the case of bacteria numerous 
generations come and go in the course of hours, so that what takes millions 
of years in higher organisms takes only a short period in bacteria. All of 
us have heard in recent times of germs becoming resistant to antibiotics. 
This is a simple illustration of natural 'selection. Among the millions of 
germs in' a colony some may chance to have mutations advantageous in 







the medium conijininji tl>c acitiliitiiic like streptomycin. Whereas the 
tithcrs rlie, thc?te survive and .sotvn populate the entire colony. The same 
happens when insects tlevelop resistance to O.I>.X- These are cases of 
evtilulion under <nir no.se. 

So in the biohipical sector the method of evolution i.s natural selec¬ 
tion. i his principle of I5arwin is applicable to most of the evolutionary 
phenomena. livolulion and 'haturaV selection are both facts of nature. 
Explanaliitn of the process of evolution by natural selection is the theory 
of Uarvvin. Lamarck had another thctiry much earlier. It was the theory 
of u»e and disuse. AccorditiB to it evolution look place by the inheritance 
in a cumulative way of the eiTects of use and disuse. To this the unconscious 
and passive effects of the environments on the individuals, like the tanning 
of the skin in the tropics, were also added later. If this could be true then 
evolution becomes easy to understand. In reality such effects, the so-called 
acquired characters, are not. known to be inherited. Hence, that simple 
attractive theory had to be given up. Other theories involving mystical 
and non-verifiable factor.s were propounded at various time.s by various 
thinkers. They did not .stand the test of science. 

HUMAN 

Finally wc come to ilic human .sphere of evolution. Fossil history 
tolls us that man has been in existence for at least half a million years. It 
ks quite certain that this hi.story muse have begun at any rate, a million 
years ago. Some authorities put it down earlier still. When we trace 
back the fossil history of man and the apes they are seen to get nearer 
towards a common ancestor. Man's animal origin is certain- liut he has 
evolved into a unique animal and has attributes unknown in the rest of the 
animal kingdom. Further, these attributes are capable of indefinite advance 
and progress unlike in the case of the other animals whose progress most 
often led them into blind alleys and stagnation or extinction. Animals become 
adapted by irreversible bodily specializations that fit them like a glove in 
their particular environment, but make them unlit for any other. Man is 
capable of conscious control of the environment and so attempts to alter 
the environmottt to suit him, through tools deliberately planned and 
fashioned by him. 

Unlike the animals man has two methods of evolution. One is biolo¬ 
gical as in the other animals through genetic change, and the other through 
accumulated tradition, unknown in the rest of the animal world. Julian 
Huxley calls it the psycho-social evolution. Biological evolution is of 
secondary importance in the human phase. For one thing it is very slow. 
The earliest known human fossil, the ‘Java Man’ is half a million years old. 
He was different from us in his smaller brain and the more beastly look 
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in general. F’roin tbat to our condition took half a million years. With 
adequate knowledge we may be able to speed up our evolution consciously 
by hundred times or more- Still a small biological change will take too long 
to interest man effectively. But the other method of evolution through 
social tradition is capable of quick result. Xhat is where we can consciously 
and quickly improve ourselves. In man conscious purpose has become part 
of the mechanism of evolution. That is the most significant factor in the 
human phase of evolution Nlan not only evolves but can guide his evo¬ 
lution both biologically and psychosocially. 

Heredity operates in man in the same way as in the other animals. 
Men vary more than most animals* because they travel longer and mix 
more freely so that no part of the human species has become so different 
as to be incapable of breeding with the rest. That is why the entire 
human population of the woild still remains a single species. ISTo other 
animal has succeeded in being world-wide and remaining one species. It is 
not possible to study human genetics by methods applicable to animals since 
man cannot be subjected to experimentation. The alternative is to study 
the family histories and trace inheritance through generations. This has 
been done to some extent. We have knowledge of a few human genes 
that are harmful from all points of view, like those for haemophilia and 
colour-blindness, to mention two well known cases. It may bo thought 
that these could be eliminated from the human species by proper marriage 
systems or by sterilization of the sufferers. In fact it is not possible to 
eliminate them by any means; for new mutations keep cropping up in a 
certain frequency. But by proper mating systems their frequency can be 
reduced. That is the utmost that is possible eugenically until we have 
discovered how to prevent harmful mutations. Some genetic human 
defects like the two mentioned above are linked with sex so that their 
inheritance takes a peculiar course. Ivlen get them more often than women. 
A woman shows the defects only if she gets the gene concerned from both 
the parents. Man shows it if he gets it from one parent. Ho always gets it 
from the mother. The father cannot give it to his son, but can give it to 
his grandson through the daughter who carries the gene without showing 
the defect, unless her mother also is colour-blind* which is very rare if at 
all. Obviously it is possible if we know enough of the family histories to 
arrange marriages so as to see that the defect does not show except, as was 
said earlier, when new mutuations arise. There are many other defects 
of which the mode of inheritance is known. It is clear that an adequate 
knowledge of the human genetics can help us to improve our species by 
reducing the frequency of the genes for certain defects. 

The question logically arises, if we can reduce the frequency of the 
bad genes can we not equally well increase the frequency of the good ones ? 
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The answer is yes. Hut al present we have no knowledge of any such 
goerd genes. Oiii knctw-ledge of human genetic.s is increasing rapidly. In 
the not very far tlrstani future, met very near cither, wc may know enough 
ahmit the genes for the good characteristics anti traits of man and about 
hovv' to produce dcsirahle mutations to make eugenics a part of normal 
human practice like, say, fK?.rsonal cleanliness at present. But our genera¬ 
tion shall not have to do it. At present vve have no means to launch on a 
progressive pivsilivc eugenic programme. The matter is further complica¬ 
ted by the fact that wc are not likely to agiee on ‘good’ or ‘bad’ in a 
long range plan. Mt>r can we know what -sort of man the world will want 
in the very distant Future. Therefore at present there is little that we can 
do by way of guiding our biological evolution consciou.sly. 

But psychosocially man can do much. By psychosocial is meant all 
that man has achieved in the field of human knowledge and culture. This 
new factor in evolution is itself a product of evolution as it entirely de¬ 
pended on the special qualities of the human brain and the hand. Religion, 
philosophy, science, etc,, that form the social and cultural heredity of 
man, are the products of the unique human brain and hand. Unlike 
biological heredity which passes from the parents only to the children 
through the germ cells, cultural heredity can be transmitted by anybody 
to anybody at anytime. It must, not, however, be forgotten that this 
cultural inheritance of man Is based on biological heredity. For the 
capacity to benefit by the cultural and social traditions and to make contri¬ 
butions to it is inborn and depends on the inherited genes. The mental 
faculties and the varieties of them have a genetic basis. But it is only an 
innate capacity. Whether it is realized or not depends on the opportum- 
ties and circumstances. Human Faculties vary immensely. In fact no 
other species has members so varied. This is a great asset in that, the 
greater the variety the richer the total contributions to culture. So any 
system of education or training aiming at uniformity will not be able to go 
against human nature and progress. It is clear too that human liberty 
demands not only equality of opportunity but variety of opportunity. As 
J.B.S. Haldane has put it ‘that society enjoys the greatest amount of liberty 
in which the greatest number of human types (genetically differentl can 
develop their peculiar abilities’. In the animals, especially the social 
animals like the bees and the ants, the individuals have an inborn, pattern 
of behaviour as soldier, worker, etc. This is genetically determined. Man 
on the other hand is born with plasticity of behaviour and has a long 
period of infancy to catch up with the traditions. Natural selection has 
encouraged in individuals a genetic basis which increases this plasticity as 
it has value in human society. The plasticity of behaviour is the basis of 
freedom in the true sense. The sense of right and wrong is socially 
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acquired, and even varies from people to people Man is free to act in 
conformity or not. Human revolutions are instances of man acting in 
non-conformity. Progress often comes thus. 

Evolution generated an endlessly diverse stream of things that has 
surged through time and space and yielded man as its finest flower. Man’s 
evolution is m no sense over In fact the new phase has only begun. Man 
not only evolves but can direct the evolution of his species. His future 
evolution is largely in his own hands. It is within his power to choose to 
rise or.to fall. 
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XHE A.XOMIC WEICS^HXS OF EFBMENTS 

R. C-. Mt.HROTRA 
l/niwrsff%’ nf tiaJa'H/ian, Jaipur 

Allhough Ihe whole Tabric of science is woven around a correct 
evaluation of atomic weights* the title of this article will surprise many 
readers as to whether the subject mirits any special treatment beyond the 
elementary textbooks of chemistry. waver, within the last 2-3 years 

some fundamental changes have been adopted by the common agreement 
of the representative physicists and chemists of ail the countries about this 
baste concept (Camirson and Wichers, T‘>62), and the purpose of this article 
is to draw the attention of students and particularly the teachers towards 
these fundamental changes. 

With the development of the atomic theory by John Dalton, atten¬ 
tion was focussed on the determination of precise properties of the 
atoms of various elements. It was for obvious reasons not possible in these 
innnile.simal particle.s of matter and hence, for defining the atomic masses 
of various elemini-s, relative ratios were employed from the beginning. 
Thus the definition, that the atomic weights represent the relative weights of 
the atoms of chemical elements referred to a common standard, has held 
true through all these years although the ‘common standard' has been 
changed more than once. Xo avoid the confusion which persists in the 
minds of students for a long time, it would be better to use the term 
‘atomic weight ratios’ to emphasize the fact that we are dealing not with 
the absolute masses but with the numerators of ratios of the weights or 
masses of atoms of the respective species to the mass of an atem of a 
selected reference species, to which an arbitrary value is assigned by 
common consent as the denominator. Ftowever, the shorter term ‘atomic 
weight* has become too well established by long usage to be changed 
at this stage. 

Citemlca! Atomic Weights 

As regards the reference species to bo used in atomic weight determi¬ 
nations, the lightest gas hydrogen was the first natural choice. Early 
measurements of vaptj«ur densities were, in effect, atomic weight determi¬ 
nations, and Davy suggested in 1812 that these be expressed relative to 
hydrogen on a convenient numerical scale. After the acceptance of 
Avogadro’s hypothesis, this led to the earliest atomic weight unit, H= 1. 
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This choice originated, with 3Z>alloTi. and was tindouhtedly reinTorced hy 
iProut’s hypothesis in 18 15, that atoms of all heavier elements are made up 
of hydrogen atoms. In. the middle of the nineteenth century, newer 
methods, mainly based on 'oxidation and reduction*, were developed for 
determining the ‘combining weights*. These experimentally determined 
values of combining or equivalent weights multiplied by a suitable whole 
number called the valency of the element gave the values for the atomic 
weights for various elements. These methods of atomic weight determi¬ 
nation, therefore, involved the combining ratio of oxygen* hydrogen. Tn 
view of the above, it was suggested by many that it might be more con¬ 
venient to use oxygen itself as the reference substance for atomic weight 
determinations and several oxygen-based scales grew up simultaneously 
including those of Thomson (0=1), Wollaston (0=10) and Berzelius 
(0= lOO). 

In 1885, Ostwald suggested that the atomic weight basis 0 = 16 would 
combine the advantages of both types of scales. It would retain the 
approximate numerical values of H = 1 scale, yet it would enumerate the 
more precise values based on direct experimental determinations without 
involving the common O : H. ratio. Kortunately it was fully realised from 
the early stages, that common agreement on this basic definition was very 
essential as the use of different scales by different workers would, lead to 
a very confusing state of affairs. W^ith the above object in view, the German 
Chemical Society (Landolt et a.1. 1898, 1900, 1901) circulated a question¬ 
naire to a number of chemists in 1899 and elicited their opinions about 
the standard of atomic weights. The voting ran 7 for H = 1, 40 for 
O 16 and 2 for ‘don’t' know’. The Chemical Society of London also 
formed a commxtte'e of the foremost chemists of the day : Thorp, Xilden, 
Dunstan, Scott, rvteldola, Crookes, Dewar and R.ussell, who collectively 
decided in favour of the scale O = 16. Realising the importance of inter¬ 
national agreement on this subject, they suggested the formation of a 
committee to report regularly on. atomic weights and consequently the 
International Commission on A-tomic W^eights was founded in 1902 and this 
later became an agency of the International Union of Pure and Applied 
Chemistry which is the present body representing almost all countries and 
their national chemical organizations. Based on this new scale, Morley 
and also Noyes conducted an elaborate series of very accurate experiments 
for determining the atomic weights of various elements. This golden era 
of research on atomic weights was highlighted by the award of Nobel Prize 
for Chemistry in 1914 to Professor X, W. Richards for his painstakipg 
work on atomic weight determinations. The importance with which this 
work was viewed by contemporary chemists is evident from the fact that the 
aboye Nobel Prize award was one of the rare exceptions when it was given 
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for j*niir<!>vii»p the t'xperuinentat results rather than Tor the discoveiy of new 
facts or ideas. Witli the dcvelopmcm of more refined techniques of 
quartz-ware ami of electrical heating, the accuracy attained even in classical 
chemical niethods reached the limit of 1 part in 15t).OCK1. m these methods 
generally the values have been obtained by determining the weight equivaV- 
enoc of silver sk'ith the chloride or bromide of the element in question. 
Another classical method which has eoritintied to be employed is the gas 
density method. However, the method does not in general yield results 
ctimpsiritble with the ‘combining ratio’ method discussed earlier. The cri¬ 
teria of‘purity* have to he as rigorous but additional corrections are 
essential for deviations from ideal gas properties on which Avogadro’s 
hypothc.siB is based. In spite of these limitations, the method has yielded 
excellent results in the hands of careful workers. I-or example, employing 
the obnoxious phosphine, Ritchie (1930) derived 30.977 as the atomic 
weight of phosphorus which compares favourably with the currently 
accepted value of .30-975 (based on mass spectroscopic measurements and 
nuclear data). 

Physical Atomic Wciyhtx 

With the discovery of isotopes (spccie.s of the .same element having 
varying atomic weights) and the development of mass .speotrography by 
Aston, anew and rather convenient method was added to the list of chemi¬ 
cal methods in use for the determination of atomic weights of elements. It 
soon became apparent that the adoption of unit weight for the hydrogen 
atom, and correspondingly of sixteen for the oxygen atom, were fortunate 
choices since they coincide with the total number of ‘nucleons’ (protons plus 
neutrons) present in the nucleus of the atom. This latter number is desig¬ 
nated by mass spectroscopists as the ‘mass number’. 

The discovery by Oiaque and Johnston (1929) that natural oxygon 
contains small amounts of isotope.s of mass numbers 17 and 18 also made it 
clear that Aston's mass ratios were actually related to the predomi¬ 
nant isotope of oxygen (Id) and not to the natural mixture of oxygen 
isotopes. Ever since, the mass spectroscopists have employed the 
new scale in which exact number 16 has been assigned to the relative 
mass of the isotoiio of oxygen, isotope-16. The chemists, on the other 
hand, have continued to use the old scale in which the natural oxygen is 
the reference species. The effect of this variation is that the chemical 
atomic weights are lower than the physical atomic weights by about 3 parts 
In 10,000. Thus Physical Atomic Weight ~ Chemical Atomic Weight 
X 1.000275. For example, the atomic weight of the ‘chemical’ element 
oxygen is 16.0CM4 on the physical scale. 

More accurate later work has shown that the above conversion factor 
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(1.000275) is also to be arbitrarily adopted. Initially this variation was 
thought to be negligible as is clear from the original paper of Giaque and. 
Tohnston (1929) on oxygen isotopes : ‘the presence of isotopes of oxygen 
will, of course, not affect chemical atomic weights except in the remote 
possibility of non-uniform distributions*. Within a few years, however, 
this ‘remote possibility’ was proved to be significant. Following the 
theoretical deductions of Urey and Greift (1935), Dole (1935) showed that 
the atmospheric oxygen was 1.000005 times heavier than the oxygen of 
Michigan lake. Xhe observed variations in the isotopic distribution of 
elements has thus set a limit to the accuracy with which the atomic 
weights of natural samples could be expressed. It has become more custo¬ 
mary to determine separately the isotope masses and their abundance ratios. 
It is a tribute to the work of earlier chemists that the highly accurate data 
obtained from this latest technique indicated minor modifications in the 
case of 36 elements only and most of them weie for elements whose 
chemistry had presented unusual difficulties oi on which no recent work 
had been done- 

Search for a New Scale of Atomic Weights 

In spite of their long usage, the coexistence of two scales (chemical 
and physical) of atomic weights has always been considered unsatis¬ 
factory although the redeeming feature, which allowed the position, to 
be tolerated, is that the two sets of values are used generally by distinct 
classes of scientists. There are occasions when inter-conversion of data 
becomes necessary and in this operation, mainly due to the closeness of the 
conversion factor to unity, there is often a tendency for mistaken confusion 
between multiplication and division. It has been fortunately recognised 
by all concerned that it would be a happier situation if the two distinct 
scales could be replaced by a common scale. Basically the easiest solu¬ 
tion would have been to abandon one of the present scales, but this 
would have brought about a change m the accepted values by about 275 
parts per million for the branch, the scale of which was abandoned. This 
was too big a change to be acceptable to either party particularly as the 
change would not be limited to atomic and molecular weights alone, but 
revision would be required in values of quantities such as the Faraday, 
A.vogadro’s number, and the gas constant. Various other proposals, e.g., 
either the neutron, the proton, or the atom of hydrogen-1, suggested them¬ 
selves immediately, but a practical objection soon presented itself that 
silch a scale would impose differences greater than unity between the mass 
numbers of the very heavy elements and their actual masses on this scale. 

In search for a new scale, it was reasonable to choose as the refer¬ 
ence species an element or nuclide which makes possible more direct 
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•experimental comparisons. Wlicn the oxygen scale was accepted, this con¬ 
sideration oulw'eighed the logical simplicity oT the hydrogen-1 scale. How¬ 
ever, oxygen soon lost its experimental importance in comparison with silver 
or chlorine. The greater usefulness and fine accuracy of the mass spectro- 
graphic data directed the aitemitm of all concerned towards some species 
which proves more u.sefut in this technique. It was immediately apparent 
that the masses of a large Tiumbcr of nuclei relative to the isotope '^carbon 
were more accurately known than the ratio of '-'carbon to '“oxygen. The 
position was thus identical to the one which weighed the scales in favour of 
oxygen 16 scale about six decades earlier. Portunately, the change 
involved for the chemists also is comparatively much smaller and the 
accepted chemical values of atomic weights would be lowered as a conse¬ 
quence by only 43 parts per million. A. joint committee of the Chemical 
Society and the Faraday Society consisting of firiscoe, Ounning, Emeleus, 
Guggenheim, Walton and Whiircn with Calm as Secretary in U. KL. 
recomtnended strongly to the International Union of Pure and Applied 
Chemistry (lUPAC) that this scale be accepted. Following the above and 
many more recommendations from dilTerent pans of the world, the 
lUPAC at its Munich (IdSyi meeting accepted this scale with the proviso 
that the corresponding body of physicisl.s also accept this in their 1960 
meeting. Fortunately this has been done and confirmed by lUPAC in. 
1961 at Us Montreal meeting. 

'Vhe Changes liroughi about by the New Scale '"C J2 

As indicated above, the adoption of the new scale will lower the 
accepted values of chemical atomic weight,s by 43 ppm. (i e., divide by 
1.000043). Considering the 1957 Table of Atomic Weights, no value will 
be altered by more than 4 in the last place quoted and this is not very 
much as most of these have an accuracy of less than 4:5 in the last figure. 
Avogadro’s number will be reduced from A CO ■- 16) = 6.02322 X 10 “ to 
T/C'^C—12)"S'(6.02296 J-0.00017) X 10"“ and as is evident, the change is only 
about 50 per cent higher than the uncertainty in its value. It is less than 
one-third of the change in the accepted best value during the last 10-12 years. 
The gas constant R and the Faraday will be similarly reduced by the 
same factor (division by 1.000043). It is thus fortunate that this change 
has been accepted well in time for current tables not to be affected 
seriously by an amount larger than the limits of error in the actual 
measurements. With the rapidly improving techniques and accuracy of 
measurements, it is feared that if it were delayed, this slight change 
would have necessitated much wider changes in the tables for various 
•quantities. 
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The Reliability oj" the New ^tojyiic Weights 

Xiie 1961 revision of the International Table of the atomic weights 
has not only incorporated the changes brought about by the adoption of 
the new scale, but advantage has been taken to review all the experimental 
work done since 1925 (Cameron and ^^ichers, 1962). A.s indicated above, 
the new scale has removed the uncertainty due to the slight variation in 
the isotopic composition of natural oxygen, which limited the accuracy of 
all atomic weights to about 1 per 100,000. This was not serious because the 
experirnental errors involved in most of the techniques, chemical or physical 
(including the one based on determination of mass numbers and isotopic 
abundances), are greater than this limit. However, in case of 21 anisotopic 
(occurring in nature in only one isotopic form) elements, this was a serious 
limitation as the experimental work did provide values more accurate than 
1 part in 100,000- The values for these 21 elenrents (Table I) are, therefore, 
given in 1961 table with a minimum of five digits representing accuracy of 
more than O OOOl per cent. 

Table I- Atomic Weiohts op Anisotopic (Mononuclidic) El.bm.bnts 


Element 

Atomic Weight 

Hlemcnc 

Atomic Weight 

Aluminium 

26.9815 

Niobium 

92.906 

Arsenic 

74 9216 

Phosphorus 

30.9738 

Beryllium 

9 0122 

Praseodymium 

140 907 

Bismuth 

208 980 

Rhodium 

102 905 

Caesium 

132.905 

Scandium 

44 956 

Cobalt 

58.9332 

Sodium 

22 9898 

Fluorine 

18.9984 

Terbium 

158.924 

Gold 

196 967 

Thulium 

168 934 

Holmium 

164 930 

Thorium 

232 038 

Iodine 

126.9044 

Yttrium 

88.905 

Ntanganese 

54.9380 




In the case of polynuclidic elements, however, the determination of 
isotopic abundances seriously lowers the limits of accuracy. In the cases 
of seven elements (hydrogen, helium, carbon, nitrogen, oxygen, vanadium 
and tantalum), there is a preponderance of one isotopic form with only 
small amounts of the others and in such cases, more reliable results can 
be achieved. Tor other elements with complex isotope abundance ratio, 
the accuracy is much less. In such cases, better accuracy can be achieved 
by comparison with similar measurements of carefully prepared synthetic 
isotopic mixtures closely approximating to the natural element in composi¬ 
tion'. Such comparative measurements have been carried out so far only 
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with bf»r<‘»nf, imT£i'^*t‘rK chk»iine* ►trpton, ohr<»niium, bnv<?r and uranium. For 
these along, with the s;c\en (with minor proportion.*; of isotopic forms), the 
accepted ‘best’ \^ahie,s ak^ng Nvith limits of variation arc 5 »iven in Table H. 
Hromine aJs»,i has been u\cluded in this table as its atomic weight has been 
determined by chemical methods with ccimpnirable accuracy 


'rAiu.i n. l*<a.Y7v< 

C 1 line J 1 i Vtl Wl t« 

I AicJMit Wt Tonrs tii 

Accuracy 

lie nsent 

AtaitiSc WoiRln 

blciifcnt 

.Vtamic Weight 

Arpon 


I l>draKei> 

J 00797-£ 0.00001“ 

Horan 

10.811 i. a.on3** 

Nitroscn 

14.0067 

Hromirtc 

7U -1- 0 CK)2 

OxyRcn 

1 5.9994 to O0C)l“ 

C.-ttrboo 

12 on 1 5 f O 00005'* 

Sitv'cr 

107.870 tO.OOSt' 

C^hlorton 

35.453 *. O.CKH 

Xarttuluit4 

VR0.948 

Chromium 

4 0 OOI 

Hranivmi 

23S.03 

Helium 

4.0026 

Vanudtumi 

30.942 

•»Nu,lur*il varluiion jn 

isotopK: cotnpusicion. 



^I'Xperimontai uncertainly. 



In Table in 

are given fourteen other elements for which the physical 

and chemical mctiiod.s are in such excollom agreement 

as to lend mutual 

support to each 

other and the values 

therefore, may be taken as reliable 

up to the last figure quoted. 
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HOR WHUTU PnVSICAI. 

AHU CHKMICAI. 


VAJLUltS ARB rM CI..OSII ACJRBCMBNT 


Blement 

Chemical value 

Physical value 

1961 Table 

Antimony 

121.75 

121.76 

121.75 

barium 

137.35 

137.34 

137.34 

Calcium 

40.082 

40.078 

40.08 

Cerium 

140.1 14 

140.12 

140.12 

Copper 

03.537 

63.548 

63.54 

Oallium 

0^.72 

69.72 

69.72 

iron 

55.845 

55.847 

55.847 db 0.003“ 

L.an.thunurn 

138.91 

138.905 

138.91 

l^utecfum 

174.97 

174,97 

174.97 

Mercury 

200.39 

200.61 

200.59 

RublcJium 

85.473 

85.468 

83‘47 

Scrontluni 

»7.63 

87,616 

87.62 

Sulphur 

32 064 

32.064 

32.064-3=0,003“ 

Thallium 

204.37 

204.38 

204.37 

Zirconiuni 

91.21 

91.22 

91.22 


“Natural variation in isotopica oompo«ition. 

For the remaining 33 elements listed in Table IV, the accuracy of the 
values chosen for the J961 Table is somewhat uncertain and variable. The 




THE ATOMIC WEIGHTS OF ELEMENTS 


249 


difTerences between the expel imental values obtained by physical and 
chemical methods are larger than their individual apparent reliability and 
therefore, choice had to be made between them. For example, for six 
elements—-cadmium, lithium* selenium, tellurium, tin and zinc—there 
were, determinations by at least two independent chemical methods 
that agreed with each other more closely than the physically determined 
value, and hence* the chemical values were given greater credence. 

Ta-blb IV, Elements with. Atomic Weiqhts of Lower AccurAcv 


Element 

Atomic Weight 

Method 

Element 

Atomic Weight 

Method' 

Cadmium 

112.4 0 

C* 

Osmium 

190.2 

At • 

Dysprosium 

|162.50 

At 

Palladium 

106.4 

At 

Erbium 

167.26 

At 

Platinum 

195.09 

At 

Europium 

151.96 

At 

Potassium 

39 102 

At 

OadoUnium 

157 25 

sd 

Rhenium 

186.2 

At 

Germanium 

72.59 

c 

Ruthenium 

101.07 

At 

Hafnium 

I7fi 49 

At 

Samarium 

150 35 

At 

Indium 

114.82 

At 

Selenium 

78.96 

C 

Iridium 

192.2 

At 

Silicon 

28.086 

At 

Krypton 

83.80 

At 

Tellurium 

127.60 

C 

Lead 

207.19 

C 

Tin 

118.96 

c 

Lithium 

6.939 

c 

Titanium 

47.90 

C ' 

Magnesium 

24.312 

At 

Tungsten 

183.85 

At 

Molybdenum 

95.94 

C 

Xenon 

131.30 

At 

Neodynnium 

144 24 

At 

Ytterbium 

173 04 

At 

Neon 

20.183 

D . 

Zinc 

65.37 

C 

Nickel 

58.71 

At 





C —Chemical Determination ; D —Gas Density ; At —hlass—Spectrometry. 


An attempt has been made in the above account to present the latest 
position with respect to the accepted values for atomic'weights of elements. 
Obviously, it would be desirable to seeh better values for elements included 
in Tables III and IV and in any case* it.is worthwhile to know the limita¬ 
tions and accuracy of such fundamental constants as atomic weights with 
which, every worker in science has to deal continuously. 
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The s.un. needs no introduction. For centuries, a fire-ball has been 
rising in the east and disappearing in the west, giving heat and light to 
earth. The quest for knowledge led to the careful obiervation of the sun. 
It was in 28 B.C. that the Chinese first observed, through the naked eye 
some ‘black’ patches, which they attributed to be some ‘flying birds’ 
across the solar disc. Thus the centuries-old belief in the sun’s unblemished 
purity was challenged. Galileo with his self-made telescopes observed the 
sun and after a large number of repeated observations propounded that 
these arc d.trk patches on the surface of the solar di.se. These patches are 
termed sun spots. 

The birth and death of a sun spot or a group of-sun spots is an un¬ 
solved riddle till tod.ay. Once they appear on the disc, it has been found 
that they are taken round the solar disc, where they progres.s. This sort 
of behaviour has confirmed the sun's rotation period to be 27 days. 
Rapid development and slow decline characterise the life history of a spot 
During the growth the size varies. Some spots arc very tiny, others so big 
as to be easily visible to the naked eye. in a hazy background. A. spot or a 
group to be visible to the naked eye should be 25.000 miles or more in 
diameter. Besides the size, the number also varies. This variation continues 
from day to day and even from year to year. In some years the number is 
a maximum while in others it is a minimum. It is possible that for some 
days in a year the sun may exist perfectly pure, that is spotless. The 
interesting part of this maximum to minimum variation is that it shows a 
periodicity. The span of a maximum to minimum on the average has been 
found to be I 1-2 years. During a maximum the largest spot or a group 
may la.st 3 to 4 months." Between 1749 and 1958. the largest number was 
observed in 1957. 

Like the sun, the spots affect the earth and its atmosphere. A tree 
trunk is found to have concentric rings of varying thickness. The rings 
are a measure of the age of the tree. The surprising feature is that the 
rings show a periodicity in their thickness. The 11-year variation of thick¬ 
ness has been attributed to the 11-year cycie of sun spots- Though no 

* The largest gro’up oF 1946 was i00,000 miles long with a spot 60„0f>0 to 90,000 miles 
long. The group had a maximum airea of 5.700 mUHon sq. miles and lasted for 99 days. 
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otlier detectable effects on tlie earth’s atmosphere has been observed* it has 
been taken that during sun spot maximum more wood grows and hence the 
rings are thick. CEP. Brooks, an authority on the subject of weather 
periodicity, claims that the matter of 1 1-year sun spot cycle suggests that 
at the sun spot maximum the earth is cooler, rainier and more stormy than 
at times of minimum. Likewise, the magnetic storms accompanied by 
beautiful Auroral display in both the hemispheres is due to the atoms or 
electrified panicles shot out from the sun spots and occasionally by other 
solar activities. Tt is believed, chat cosmic rays also originate in such 
solar activities. 

Xhe spectroscopic study has opened another secret about these spots. 
It has been found that these spots are seats of large magnetic fields. These 
fields, in the largest spot, are several thousand times stronger than the 
earth’s magnetic field. Xhe spectrum of the sun spot has been a measure 
of the temperature. Xhe temperature of the spots has been estimated to be 
about 4000^0. Due to this high temperature, though less than that of the 
rest of the surface of the sun, the spots radiate heat and light like the sun. 
But in the highly intense background at 6000®C, the intensity of light from 
the spot is much less and hence they are ‘black*. 

Xhe cause of sun spots is still speculative. Scientists, in difTerenl 
parts of the world* are working along this direction. G E. Hale in America 
suggested that the spot is the top of a column of very hot gas coming up 
from below the surface of the sun. As the gas rises it is set whirling and the 
vortex motion of electrified material produces a magnetic field. As soon as 
it reaches the surface where the surrounding pressure is reduced, it expands 
and is thereby cooled causing the dark spot. Hale could thus explain 
the cause of magnetic storms and display of Aurora. Recently, Professor 
Alfven of Sweden has advanced a theory based on hydrodynamic processes. 
He assumed that strong magnetic fields exist inside the core of the sun and 
ierntzed. gases flow through such fields. Dr. Alfven claims that due to 
some instability, perhaps by convection, magnetohydrodynamic waves are 
propagated outside from the central region, carrying some field of the 
interior along with them. These waves are guided by the magnetic lines 
of force and on reaching the photosphere emerge as a spot. Alfven’s theory 
is being examined in the light of results obtained with the help of mighty 
telescopes. Xhe study of sun spots and associated phenomena is, thus, far 
from complete.’•* It is possible that some day in the future with the rapid 
growth of scientific and engineering technique, the birth and death of the 
spot will be explained satisfactorily. 


Tt js expected that the sun is arriving at its miniTTium level of activiiy in 1964-65 Like 
TOY it IS planned to ortsanise ‘The Iniernational Year of Quiet Sun’ 1964-65 (IQSY). During 
this period it is hoped that more data. wjJJ he availahle to understand the mysterjous spots. 
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The word algae to the uninitiated means pond-scum—the green float¬ 
ing material in waters of ponds, lakes or even ditches by the side of roads. 
But to a knovviedgcahle person, algae are plant.s belonging to a large class 
which is the lowest and simplest in organization. This group is called 
Thallophyta which really means plants with a ihallus or body, undiSer- 
entiated into stems and roots. This definition i.s not correct because some 
of the giant sea-weeds—kelps—arc so huge and long and are fixed to the 
rocks or the bottom by means of a stipe, and have Icaf-like floating struc¬ 
tures on stom-iiko portions. These sca-wceds are also algae. 

Algae are essentially aquatic occurring both in fresh-water and in the 
sea. Any small piece of water is enough to support the growth of some 
green scum. Even the spray from tides, breakers or waterfalls or even the 
dripping from a leaky tap gives enough moisture to support algal growth. 
Algae occur in warm climate,s and in cold climates, on snow and some 
even in hot springs. There are algae In the soil and on tree trunks: they 
occur as parasites and on walls of house.s ; and they even attack tent cloth 
in .some moi.st countrie.s. They are ubiquitous. 



Fig. ]. A few Algae. 

(/) Diatoms ; (fi) Ped/astrum t (///) Volvax \ (/v) OsclU&ioria ; (v^ Sargossum ; 

(’v/'i C^vratlam • tvit\ pntrvrfinrrt . 
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R4.aTiy consider tliese plants useless and some even consider tliem as 
a nuisance. But it is not so. In the following pages it will be shown 
how useful they are to us. 

A-lgae are of many kinds having diflerent colours. The green ones 
are the most common, and the brown and red varieties are common in 
the sea. A. fourth group—the blue-greens—are found everywhere parti¬ 
cularly in dirty waters. All these plants possess the green pigment, chloro- 
phylJ, and can prepare their own food, utilizing the energy from the sun. 
Besides the green pigment some algae also have an orange pigment, (caro¬ 
tene), yellow pigment C^canthophyllz) and the phycobilins (proteinaceous) 
which contains the blue phycocyanin and the red phycoeyrthrin. The colour 
of the algae is due to the predominance of one or the other of these pig¬ 
ments. It is their loower to manufacture carbohydrates and their ubiqui¬ 
tous nature that give these plants their importance. They are primary 
food makers and have been preparing food for ages, long before any other 
complicated form of life did. Indeed many of the latter have been depend¬ 
ent upon algae for their food. The food prepared by these represent 
so much of bottled energy. Some algae can even store food in the form 
of oil which fact again, has very great importance. 

Thus these lowly organisms—-algae—ranging in size from microscopic 
forms to huge sea-weeds are very important to man and animals. They 
are our friends. 


ALGAE IN TUB EOOO CHAIN 

Algae occur sometimes as attached forms, but largely as free-floating 
forms known as plankton. Almost any type of aquatic situation like sea, 
oceans, lakes, ponds, rivers and streams abound in phytoplankton. They 
may be isolated individuals or in the form of filaments or groups as colo¬ 
nies. The plankton is the only vegetation in the open sea where no other 
vegetation occurs. The animal population m the open sea is also great. 
How and wherefrom do these small animals and fish get their food ? It can 
be only through the plankton, which are the primary food-makers in these 
waters. The plankton is the primary and basic link in the food chain. 
Algae, both plankton arid,attached forms, in the sea and in fresh-water, pro¬ 
vide the primary food for fish and other aquatic animals. Algae serve tjie 
need of fish both directly and indirectly. There is an old Chinese proverb 
which on translation runs thus : 

Big fish eat little fish 

Little fish eat shrihip ^ 

Shrimp eat mud. 
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It is common knowledge nmong biologists thnt shrimps eat smaller 
animals which again feed on Mill smaller animals or on decaying vegetable 
matter, which perhaps is the mod refeired to above. 

Many Tooil chains .start with algtic and proceed through copepods, 
crustaceans, .small li&hcs, big fishes and eventually man. An examination 
of the stomach contents of gi.'zard shad or tadpole would reveal abundant 
plankton forms. Many aquatic animals live partly or wholly on algae. The 
giitAird shad cats up large quantities of plankton, and this fish is in turn 
eaten by bigger game fish. Another common chain is hake feeding on 
herring, herring on copepods, and copepods on diatoms. The oyster 
depends upon available diatoms while the California sea-mussel prefers a 



Fjg. 2. AFgae iji I-ood Olinma. (after'rifTany, L.I-r. l95S) 


mixture of dfnoflagellutes and diatoms. C^afici cotlct is a. plankton feeder. 
Since plankton serves as food to many fishes* it should be possible to keep 
the water sufficiently stocked with algal material for the fishes cultivated in 
it. Xhese waters can profitably be manured in order to get betterfisli yield. 
In I^hilrppines the fry of milk fish arc taken from the sea and cultured in 
fish ponds with aestttatii. This alga serves as baby food for the 

fry for three months after which they are fed on Chidnphora and diaeto^ 
ntorpha in another tank. A few months later they are fed on EnH^romorpha 
in a third tank. "For raising fry, first the pond is manured, Xhis gives rise to 
a rich phytoplankton and this is followed by one of zooplankton consis¬ 
ting of rotifers, copepods and CJadacera. Xhe fingerlings use both the 
plants and the animals* 
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tl has been noted that in the Ivlalabar Coast there is a close correla¬ 
tion between the migration of sardines and diatoms. Sardine landings are 
big soon after a bioom or during the height of a bloom of Fragilaria 
atvartica -a diatom. As a matter of fact the fiuctualion of this diatom 
can be used as an indicator of the abundance of oil sardine. The 
oil sardine fishery starts with the commencement of the Fragilaria 
bloont. 

The plankton, besides being food of the animals, also act as oxyge¬ 
nators of the water. Oxygen is very essential to the existence of fish, and 
carbon dioxide in certain concentrations is lethal to fish life. By their 
ability to photosynthesise, the plankton use up the carbon dioxide and 
liberate oxygen into the water. Thus the balance of oxygen and carbon 
dioxide in the water is kept up. 

The number of algal cells in a cubic centimeter of water is so much 
that when they die, there is a regular shower of plankton cells sinking to 
the bottom adding organic matter which is used as food by the bottom 
dwellers. 


AlOAb AS FOr>tJ 

Perhaps many people will appear sceptic if you tell them that algae 
can be used as food. They may even show a feeling of aversion at the ■ 
mention of the word algae which to the popular mind connotes ‘pond 
scum*. But the use of sea-weeds as food is quite widespread and it has 
been used in the Hast from time immemorial. The Chinese and the 
Japanese use a greater amount of sea weed as food than any other people. 
Other people also like those of Indonesia, Burma, Siam, Borneo and 
Malaya ; use sea-weeds directly as food. 

The Japanese cat Porphyra, called amanori which is even cultivated 
on a large scale. They sink bundles of bamboo into muddy bottoms of 
water. The spores of algae lodge on these bamboos and grow rapidly 
into adult plants within .1 or 4 months, when they are harvested. The 
French and the British boil it for hours to make a sauce-like preparation. 
The broad forms of sea-weeds or kelps ikombu) constitute an important 
food product, Japan exports targe quantities of kombu to China. , 
Amanori, kombu and tenguse {Gelidlum) are important Japanese edible 
sea-weeds. 

Viva lactuca was used in Scotland for salads and soups ; smA kamt- 
narla, Rhodymenta and Porphyra in Scotland and Ireland. 

Tn Hawaii limu~a group of sea-weeds—is sold in. Jarg;e quantities,, 
Durvtllea antartica and some tjlva are used in Chile. Fresh sea-weeds are 
used as food only in China and Japan. s * 
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Water 

% 

Raw Pro¬ 
tein % 

Fat 

' 

Starch and 
Sugar % 

Fibre 

% 

Asli 

% 

Nostoc Commune 

10.6 

I 20.9 

1 2 

55 7 

4.1 

1 7.5 

Ulya lacTuca and U, 
fasciata 

18 7 

14.9 

0.04 

50.6 ! 

0.2 

1 

15.6 

Laminaria spp 

23,5 

5.85 

1.15 

41.95 

6 7 

21.1 

JPorphyra 

17 ^ 

28 

0.8 

40.1 

— 

10.3 


(_after Chapman, V. J. I960) 


In South America, a blue-green alga like Nostoc and some sea-weeds 
are boiled along with, other vegetables to add flavour. 

The food values of some algae are shown in Table I. I*orphyra 
among these has a higher protein value. But sea-weeds as such are not a 
good source of energy. A large portion of the calories they contain are in 
an indigestible form. But the sea-weeds can be consumed along with other 
food. Their nutritional value depends upon their vitamin and mineral 
content. 

Marine algae are a rich source of vitamins, particularly A, B, C, and E, 
Some plankton forms like Nitzschia are rich in vitamin A and the cod fish 
gets most of its vitamin A from a feed of Mitzschia. XJlva and Porphyra are 
rich in vitamin B. Some sea-weeds have as much vitamin C as lemons, 
and the vitamin B content of some compares favourably with that of many 
fruits and vegetables. The vitamin concent of a few sea-weeds are given 
below. 

Vitamin C Vitamin B 



(mg/lOO gm fresh water) 

(Sherman units) 

A-larici valida 

. 53 

250 

Laminaria spp. 

53 

200 

Porphyra nereocystis 

6053 

550 

P. perforata 

60 

500 

Porphyra sp. 

140 

500 


Parphyra is used as a source of iodine,*^which is very important for 
the normal functioning of the thyroid, gland. Goitre is not known in 
Japan or China because the people get their iodine from the sea-weed in 
their diet. According to Tilden, the sea holds for man the solution for 
many deficiency diseases. 
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.Ma\s cuf/iirc (>f al^a^ far _fonti : It has hcon known Tor a long time 
that alg ie arc potential sources of food and energy, if they could be econo¬ 
mically harvested. Ourinj? the last few years attempts have been made to 
grow algae in mass cultures under experimentally controlled conditions. 
Xhe leading per.sons working .succc.ssfully on this culture work are 
Harder, Von Witsch IVfayer and Xamiya. Xhc rapid and controlled 
growth of single celled algae led to the idea that they might be culture4 
for food purposes in a controlled environment. Tt ha.s been shown that it 
is possible to grow algae like Chltyrclla and Scenedesmus in largo 
quantities. But at present such methods are proving expensive, 

Orled cells of Chlr>ref/a pyrenoidosa have a high vitamin content, 
50 per cent of protein and many useful amino acids. With the present 
knowledge of technique it is possible to keep up a high productivity of 
algal culture. Pilot scale Chtnrotia farms have already been established in 
A.mer-ica, Holland, Germany, Israel and Japan. 

Xhe cultures are made in two ways. In one the alga is grown in poly¬ 
thene tubes on roof tops of big buildings. Xhis method does not require 
cultivated land and it is not at the expense of existing fields Intended for 
crops. Xhe other method Is to culture Chloreitu In large shallow tanks 
where the contents are stirred by mechanical mcan.s and given additional 
carbon dioxide. A. uniform suspettsion, is maintained by periodical 
removal of algal mass already grown. Xhe algae are then collected by 
centrifuging and processed to a dry powtler. In this process it is also 
de-chlorophylled in order to get a while powder. Xhis powder is eaten in 
various ways. It is good when mixed into ice cream or added to the flour 
when making bread, Por some, the taste is not so pleasant but to others, its 
vegetable taste is pleasant. Japan has the technical skill, and the 
economic conditions there are such as to make mass culture a commercial 
success- 

In such cultures a yield of 3J tons of dry matter per acre is possible. 
Xhis is far too high when compared with the yield of any cereal. In the 
cereals only the grains are used and the other parts are not fit as human 
food. In algae the whole plant can be used. Cereals can be grown only 
in certain seasons but algal cultures can be continuous. 

It may take many years more before men could be coaxed to change 
their food habits to include algae, but it is within human possibility to 
produce enough material and convert it into a more palatable form. 
According to Xamiya, sooner or later industrialization of algal mass 
culture will be realized. Even now, it has great potentiality to become 
supplementary human food and poultry feed. 

Space farms .- In this age when space travel by astronauts is 
becoming common, interest in using algal cultures to supply food as well 
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as oxygen is increasing. Controlled cultxires of CThlorella on a smaller 
scale could be used for food, and for replenishment of oxygen in inhabited 
space ships and submarines. Xhe problem of keeping up an exact balance 
between the carbon dioxide and oxygen in the atmosphere of a closed 
system containing a culture and a man is not so simple. Xhe cultures 
must be so controlled, that the voltiine of carbon dioxide produced per 
volume of oxygen used up is as near unity (1 O) as possible. Scientists 
will have to think of some such arrangements for la’-ge-scale rocket and 
space travel jDrogrammes. 

ALGAE AS F03DI3ER. 

Sea-weeds are used as fodder in many countries. In the Scandinavian 
countries, cattle and sheep graze selectively on Rhodymenia (/?. palrnata) at 
low tides. Xhe weeds are gathered and washed in fresh water. Xhere are 
factories set up here, where the sea-weeds are processed as stock-feed for 
cattle, poultry and pig. Xhe sea-weed meal is used for its protein content 
and it is reported that dried sea-weeds when fed to cattle and poultry 
increase their milk yield and egg-laying capacity. Xhe sea-weed compares 
well with other feeds (Table II>- 

Tabl.13 II. Composition of Some Cattle Feed 


Dry material 

Water 

Protein 

Raw 

(in jj 

Fat 

erccntage 

Ash 

7 

Fibre 

Carhohydraio 
N free 
extract 

Sea-weed 

lO.O 

6 2 

3 8 

15.1 

3 5 

61 4 

Good hay 

14 3 

9.7 

2.5 

— 

26 3 

41 4 

Potato tops 

— 

1,17 

0.37 

— 

2.75 

84 49 


In India where most of the cattle population is in a poor condition, 
this usefulness of the sea-weeds could be exploited. Xhe sea-weeds, either 
fresh or suitably treated, may be utilized as cattle food in the coastal areas. 

ALOAB IN AGRICULTURE 

Algae are part of the micro-organisms found in the soil. Xhe others 
are bacteria, fungi and protozoa. It is only the algae and some chemo- 
synthetic bacteria that can prepare food. According to R.ussel one 
gramme of manured soil has one million algae of which the blue-greens are 
the dominant ones. Ivlost of these are found in the upper 6 inches of the soil. 
Some diatoms and blue-green algae may occur in deeper layers, Xhe soil 
algae are of importance in freshly formed soil. They liberate oxygen during 
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th.e process of pliotosynthesis a.ncl they add organic matter after death. 
The presence of numerous algae in the water-logged condition of rice fields 
is significant in this respect. Apart from their reported capacity to fix atmos¬ 
pheric nitrogen, these algae are also supposed to add oxygen to the water. 

Nitrogen fixution : It is now fairly well established that the blue- 
green algae can fix atmospheric nitrogen even when not associated with any 
bacteria. About 8 to 20 species have been proved to fix nitrogen. These 
belong to the genera Nostoc, A.nabct&na, Cylindrospermum, Calothrix, 
Tolypothrix^ Anabaenopsis and Mctstigocladus. In tropical soils, these 
algae are of great importance in maintaining fertility. A rich growth of 
algae in the water-logged rice fields in our country is a common feature. 
There is evidence to show that these algae help in maintaining the fertility 
of the rice fields. The fixation of nitrogen takes place only when com¬ 
bined nitrogen sources are absent or are m low concentration. The algae 
must be in an actively growing stage These algae have a high nitrogen 
content- On bacterial decomposition, the algae release ammonia readily 
and this becomes available to the plant 

Japan utilizes these algae on a large scale. As a result of applying 
the nitiogen-fixing Tolypothrix tenuis <2-10 lbs. of dry weight per acre), 
Watanabe got an increase in the yield of rice The increase was 2.7 per 
cent in the first year, 8.4 per cent in the second year and 21.8 per cent in 
the third year. He found that inoculation with this alga was ociuivalent to 
manuring the field with 64 lbs. of ammonium sulphate per acre as additionaJ 
fertilizer. Similar and encouraging results have been obtained by experi¬ 
ments in India. The growth of the nitrogen-fixing blue-green algae is 
encouraged by the addition of lime and phosphates. "Por inoculation, the 
algae with their clay substratum is made into granules These dry granules 
can be broadcast in the field 

IZecla?nation of'lands In parts ot India the soils are alkaline (j^isur^ 
with deposits of salt. Such soils are not suitable for crops. Two methods 
are adopted in reclaiming such tisar lands. One is the chemical method 
of adding organic matter in the form of farmyard manure or green manure 
along with gypsum. The other method is to encourage algal growth on 
these lands in successive crops. After such growths under water-logged 
condition, it has been shown that the pH is reduced from 9.7 to 7.6. The 
nature of soil is improved and water-holding capacity becomes 40 per cent. 
The algae provide the organic matter. By the growth of the algae the 
sodium clay is converted into the calcium type Increase in paddy yield 
is claimed in such reclaimed soils 

Sea-weeds as manures Sea-weeds may be applied directly or in the 
form of composts- The direct application is practised in many countries 
like Eire, Isle of Man, Japan, Ohina and Oeylon for manuring potatoes. 
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cabbage* turnips, cauliflower tmtl rice as well as coconut and cofTec planta- 
ttoos. Sen-weeds are rich in potash, ionic sulphates, trace elements 
and other importttnt substances required by the crop plants. At the 
ccnlral Marino I-ishcrics Research Station, Mandapsim, a compost 
from Hvpnra has been tried. The applicatton of this compost was found 
to increase the yield of some vegetables, tapioca, papaya, etc. India has 
an extensive coastal bell and an cxpUdiation of these natural resources will 
provide the farmer with an ample .supply of manure. 

/rlXiAfe IN WATttR BLOOMS 

Somelimes when the conditions are favourable for the growth of 
algae, dense masses of them are formed on water giving it a colour. Such 
growths are known as ivau-r hlaoms. Wc find such foloom.s very often 
in rain water puddles and in temple tanks where they constitute a nuisance. 
The Red Sea has derived its name, paradoxically enough, from the occur¬ 
rence of water blooms of a bloe-grcen alga. Trfe/ioUasmiunt erythraeum. 
The most obnoxious forms are Microcystlx JTi>\-cirfuae and M. aeruginosa. 
Water blottms not only give foul smelt and taste but prove undesirable 
in fishery ponds. Blooms even cause the mass death of fishes. At night, 
the atgae and animals use up all available oxygen in the water and early 
in the morning dead fish are cast ashore. The decay of the plants further 
reduces ihc ox>e.en content. Another cause for the death of fish is by the 
physical choking up of gilts by the bundles of filaments of algae. There 
is also evidence to show that some forms exude toxic substances which 
bring about the death of fishes, or some animals, which drink such bloom- 
infested waters. A dinonagellaie, GymnotJiniunt. has also been reported to 
have caused mass mortality of fish. The 'red tides'' in the Gulf of Mexico 
are due to G. brevto. These tides caused the death of more than 200 million 
lbs. of fish during 1946-1947 in Florida. The toxins have two factors in 
them—a slow death factor (SOFj and a fast death factor fFDFJ. 

The most common method of controlling the water bloom is by the 
application of copper sulphates in doses not harmful to animals and man. 
Shading of the water is another method. A cover of JLettuta limits the 
growth of the bloona. LAter JLenma can be removed. 
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PROFESSOR MEGHNAD SAHA 
MEMORIAL LECTURE' 

D. S. KOTHARt 

Chairman, University Grants Commission 

I consider it a privilege to be invited to give the Saha Memorial 
Lecture under the auspices of the Indian Physical Society. Inadequately 
qualified as I certainly am for this task, I nevertheless deeply appreciate 
the honour of speaking on this occasion. 

I propose to speak mainly about some aspects of Professor Saha’s life 
and work. His career and his contribution to knowledge and to society 
cover such a wide and varied field that it is not possible to present them 
even in a summary form within the compass of a single lecture. I am also 
conscious that much of what I have to say is already familiar to many of 
you, and many of you, in fact, know more about him and his work than I 
do. All the same, to remind ourselves of his life and great example, even 
though briefly, is to enrich our lives in no small measure. 

The name of Saha would always remain associated with the theory of 
high terfiperature ionization and its application to steilar spectra. Apart 
from astrophysics, the theory has found numerous other applications such 
as, to mention some of them, in the study of the ionosphere, conductivity 
of flames, electric arcs and shock waves. Saha’s theory had all the simpli¬ 
city and inevitableness which characterise a fundamental and epoch- 
making contribution. It was almost a direct consequence of the recogni¬ 
tion that the laws of classical thermodynamics and the kinetic theory of 
gases can be extended to a gas of free electrons. Saha’s researches in 
physics and astrophysics covered a wide range of subjects. He worked at 
one time or the other on stellar spectra, selective radiation pressure, 
atomic spectra, molecular dissociation, ionospheric propagation, radio 
waves from the sun, solar corona, beta-radioactivity and age of the rocks. 
Besides physics, he took keen interest, almost bordering on the professional, 
in ancient history and archaeology. 

■ He was from the beginning a member of the Council of Scientiflc and 
Industrial Research constituted by the Indian Government in 1942, and 
member (or chairman) of several of the research and other committees of 
the Council. He was the Chairman of the Council’s Indian Calendar 
Reform Committee. 

* Reprinted from Physics Teacher, t (3) : 19S9, with the kind permiasion of the Indian 
Physical Society. 
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In criticism of ihinps and men, Kiihit was fearless and trenchant, 
ttnd he wa-s always inoUvalcd by u deep earnestness, and sincerely, though 
often tenttcu-nisly. held convictrons. Ills memory and versatility were 
ama^ingi. He was extremely simple, almost austere, in his habits and 
personal needs. Outwardly, he sometimes gave the impression of being 
remotCpr xnatler of fact, and even harsh, but once the outer shell was broken, 
one invariably found in him a person of eKtreme warmth, deep humanity, 
«.ympathy and tinderstanding ; and though almt>st altogether unmindful of 
hi«i own personal comforts, he was extremely solicitous in the case of 
others. He was a man of undaunted spirit, resolute determination, untiring 
energy and dcdicatitm. 

Saha was a keen student and ardent advocate of social and economic 
planning in India, particularly in its relation tc' science, large-scale industry 
and technology. He was an active member of the National Planning 
Commiltec appointed by the Indian National C'c^ngress in 1938 with Shrl 
Jawaharlal Nehru as Ohairman. His general philosophy in these matters 
is perhaps best expressed in the following words taken from an article 
of his published in Naturt^ (1945> : ‘The philosophy of kindliness and 
service to our fellow-mcn was preached by all founders of great religions, 
and no doubt some great kings and ministers of religions in every country 
and at all ages tried to give effect to this (altruistic) philosophy. But 
the efforts were not #»uccessrul, for the simple reason that the methods 
of production of comm<5dilics were too inenicrent to yield plenty for all, 
which is an indispensable condition for practical altruism. We can, there¬ 
fore, hold that sa far ax {ndivic/c4ai /#/e ix conccrncc/, science has achieved a 
target aimed at by the great founders of religions in advanced countries of 
the world. The effects of maldistribution of wealth, due to historical 
causes, are being rapidly cured by the introduction of social laws.^ 

The life oF Saha was in a sense an integral part of the growth of 
scientific research and progress in India, and the elTect of his views and 
powerful personality would be felt for a long time to come in almost every 
aspect of scientific activity in the country. JETis dedication to science, his 
forthrightness and utter disregard of personal comforts in the pursuit of 
his chosen vocation will long remain an inspiration and an example. On 
February 16,1956, on his way to the Office of the Planning Ooinmission in 
New Oelhi, he succumbed to sudden heart attack fsome hundred yards 
from the office of the Commission), and at the ago of sixty-two, a career 
superb in science and great in its promotion and dissemination was tragic¬ 
ally closed. 

Saha^s greatest contribution is, as already mentioned, the theory of 
high temperature ionizatiom Xhe equation that goes by his name was first 
given by him in bis classical paper, ‘On Ionization in the Solar Chromosphere’ 
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whicli appeared in October 1920 issue of the Philosophical Magazine, f-le, 
using the language of physical chemistry, called the equation the ‘equation 
of the reaclion-isobar for ionization*. The theory provided, for the lirst 
time, on the basis of simple therm.odynamic considerations a.nd. elementary 
concepts of the quantum theory, a straight-forward interpretation of the 
different classes of stellar spectra in terms of the physical conditions 
(temperature and to a lesser extent pressure) prevailing in the stellar 
atmospheres. To quote from S. Rosseland's introduction to his well- 
known 'Theoretical Astrophysics (Oxford University Press, 1936) : ‘Although 
Bohr must thus be considered the pioneer in the field, it was the Indian 
physicist Meghnad Saha who (1920) first attempted to develop a consistent 
theory of the spectral sequence of the stars from the point of view of atomic 
theory. Saha’s work is in fact the theoretical formulation of Lockyer's 
view along modern lines, and from that time the idea that the spectral 
sequence indicates a progressive transmutation of the elements has been 
definitely abandoned. Prom that time dates the hope that a thorough analy¬ 
sis of stellar spectra will afford complete information about the state of the 
stellar atmospheres, not only as regards the temperature and various devia¬ 
tions from a state of thermal equilibrium, but also the density distribution of 
the various elements, the value of gravity in the atmosphere and its state of 
motion. The impetus given to astrophysics by Saha’s work can scarcely be 
overestimated, as nearly all later progress in this field has been influenced 
by it and much of the subsequent work has the character of refinements of 
Saha’s ideas Truly, Saha’s work ushered in a new epoch in astrophysics.' 

It is pertinent to remark at this stage that ionization theory was 
formulated by Saha working by himself in Calcutta, though erroneous 
statements have sometimes appeared to the contrary. The paper referred 
to above was communicated by him from Calcutta to the Philosophical 
Magazine., London. Saha’s first visit to Europe was made a couple of 
months later. We shall describe in Saha’s own words how he was led to 
the ionization theory, I quote from a letter of December 18, 1946 which he 
wrote to Professor H. H. PlaskeLt of the University Observatory, Oxford : 
‘It was while pondering over the problems of astrophysics, and teaching 
thermodynamics and spectroscopy to the M. Sc, classes that the theory of 
thermal ionization took a definite shape in my mind in 1919. I was a regular 
reader of German journals, which had just started coming after four years of 
the First World War ; and in the course of these studies, I came across a 
paper by J. Eggert in the Physikalische ZeitschriJ't (p. 573), December 1919, 
‘Ueber den Dissoziationzustand der Fixsterngase’ in which he applied 
Nernst’s Heat Theorem to explain the high ionization in stars due to high 
temperatures, postulated by Eddington in the course of his studies on stellar 
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‘Eggort. who wa« a pupil oT Nernst and was at the time his assistant, 
had g:iven[ a formula for thermal ionization potential of atoms, the impor¬ 
tance of which was apparent from the theoretical work of Bohr, and the 
practical work of Franck and Hertz which vvas attracting a good deal of 
attention, in those da^s .... Eggcrt used Saefcut's fotmuia of the chemical 
constant for calculating that of the electron, but in trying to account foV 
multiple ionization of iron atoms in the interior of stars on these bases, 
he used very artificial values of ionization potential. 

‘While reading Eggert’s paper, I saw at once the importance of intro¬ 
ducing the value of Ionization P’olentlal in the formula of Eggert, for 
calculating accurately the Ionization, single or multiple, of any particular 
element under any combination of temperature and pressure. t prepared 
in the course of six months of 1919 (February to Septembcr> four papers 
and communicated them for publication in the Philosophical hfagazine 
from India within August to September." Saha in his paper ‘On loniza- 
ation in the Solar Chromosphere* makes a handsome acknowledgement to 
Eggert’s work. 

Ono of the four papers above referred to was ‘On the Harvard Classi¬ 
fication of Stellar Spectra*. When shortly after communication of the paper 
Saha went to London, he withdrew it from the Philosophical Magazine and 
completely rewrote it in Professor Albert Fowler’s spectroscopy laboratory 
in the fmperial College of Science and Technology, London. The revised 
(and, no doubt, considerably expanded and improved) paper was published 
in the Proceedings of the Royal Society (1921) under the title, suggeshfd 
by Fowler, ‘On Physical Theory of Stellar Spectra'. Saha had the great¬ 
est regard for Professor Fowler, and always spoke with warmth and 
gratefulness of the encouragement and help he had received from him in 
London, Years afterwards he wrote : ‘I took about four months in 
rewriting this paper, and all the time I had the advantage of Professor 
Fowler’s criticism, and access to his unrivalled stock of knowledge Of 
spectroscopy and astrophysics. Though the main ideas and working of the 
paper remained unchanged, the substance matter was greatly improved on 
account of Fowler's kindness in placing at my disposal fresh data, and hi^; 
offer of criticism, wherever, I went a little astray, out of mere enthusiasm.'; 
This paper and the one 'On the Ionization in the Solar Chromosphere* are 
by far the most significant and original of Saha’s many scicnlihc contribu¬ 
tions. Professor H. Oinglc once observed : ‘On thinking back to the 
relation which existed between Saha and Fowler, f am tempted to compare 
it with that between Maxwell and Faraday.’ 

As one of the interesting and immediate results following from the 
ionization theory, Saha not only was able to explain the absence in the 
solar spectrum of the lines of Rb and Cs because of the low ionization 
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potential of tliese elements, but also to predict that their resonance lines 
weie likely to be observed in the relatively cooler regions of the sun spots, 
H. >T, Russell, following Saha’s prediction, looked for and found infra-red 
pair of Rb-lines, but no Cs-lines, in the Mount Wilson photographs of the 
spot spectra wbich, incidentally, had been taken before the publication of 
Saha’s theory. 

"We rnay recall at this place that, apart from J. Eggert’s paper referred 
to earlier, a definite suggestion about higb temperature ionization, prior to 
Saha’s papers, was also made by the Oxford physicist "F. A.. Lindemann 
(later Lord Cherwell) in connection with, his controversy with S. Chapman 
about the origin of magnetic storms i^T*hiIosophical Afagazine^ December 
1919). He gave the Lonizaiion formula for hydrogen in the solar chromos¬ 
phere. Lindemann, however, did not further develop or generalize the 
formula ; and above all he failed to notice that the theory of thermal 
ionization (with accurate values of ionization potentials obtained from 
spectroscopic data or otherwise) constitutes the key to the interpretation 
of stellar spectra with their almost bewildering complexity. It was Saha 
who first recognized this, and worked out the consequences in considerable 
detail, and he did this independently of Lindcmann’s suggestion about the 
high temperature ionization of hydrogen. 

In the early twenties R. H. Fowler (in collaboration with O, O. Darwin) 
developed a very powerful method in statistical mechanics permitting a 
systematic exposition and working out of the equilibrium properties of 
matter. He used this to provide a (rigorous) derivation of the ionization 
formula which as described earlier, Saha had obtained by extending 
(justifiably) to ionization of atoms the theorem of Van^t Hoff, well-known 
in physical chemi&try for its application to molecular dissociation. Also, 
a significant improvement in the Saha equation introduced by Fowler was 
to include the effect of the excited states of atoms and ions. Further, it 
marked an important step forward when in 1924 E. A. Milne and R. H. 
Fowler in a paper in the Afonthly Notices oj'the Royal Astronomical Society 
showed that the criterion of the maximum intensity of absorption lines 
(belonging to subordinate series of a natural atom) was much more fruit¬ 
ful in giving information about physical parameters of stellar atmospheres 
than the criterion employed by Saha which consisted in the marginal appe¬ 
arance or disappearance of absorption lines. (The latter criterion re¬ 
quires some knowledge of the relevant pressures in the stellar atmospheres, 
and Saha, following the generally accepted view at the time, assumed a 
value of the order of I— 0.1 atmosphere). Xo quote from E, A. Milne^ : 
*Saha had concentrated on the marginal appearances and disappearances 

*E. A. Milne, Obituary notice of R. H. Howler (1880—1044), Obituary Rotices of the 
Petlows oJ" the Royal Society, 5, 61-78 (1945). 
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of ah-,orpHon tmes m the ^iteIlar sec)iiertce. assiimmi; an ivrcicr of magnitude 
for thi* pres“.urc in a .steilar almO‘«phert; ;irTtl caloulating the temperature 
where incrensinji ionization, ftrr example. inhibited further absorption of 
the line in question owing to the loss c>f the scries electron. A.s Fowler 
and I were «mc day stamping round my rooms in Trinity and discussing 
this, it suddenly occurred to me that the ntciximum intensity of the Baimer 
lines of hytlropcn, ft>r example, was readily explained by the consideration 
that at tile lower temperatures there were loo few excited atoms to give 
appreciable ubsorptittn, whilst at the higher temperatures there are too few 
neutral atoms left to give any absorption . . . That evening I did a 
hasty order of magnitude calculation of the effect and found that to agree, 
with a temperature of lO.dOO'' for the star of type AO, where the Baimer 
lines have their maximum, a pressure of the order of lO •' atmosphere was 
tequired. This was very exciting, because .standard determinations of pres- 
.sures in stellar atmospheres from line .shifts and line widths had been 
supposed tt) indicate a pressure of the order of one atmosphere, or more, 
and I had begun on other grounds to disbelieve this.' 

The problem of statistical equilibrium between ionization and elec¬ 
trons subjected to external fields of forces —gravitational and electrical—'is 
of considerable importance. [t has been extensively .studied by Rosseland, 
IVtilne and others. It is found, as is to be expected, that the ionization 
equation is not influenced by the presence of the field. 

In passing it may also be mentioned that the ionization equation is 
independent of the relative motion between the thermodynamic system and 
observer. This arises from the circumstance that the temperature, like 
length, undergoes a Lorentz contraction. 

It is hardly necessary to say that in the ionization theory, described 
above, the electron gas is assumed to be completely non-degenerate. Under 
conditions of high density and relatively moderate temperatures, the elect¬ 
ron gas becomes degenerate, as for example, in the interior of white dwarf 
stars. Under such conditions, the ionization eqtialion loses its validity. 
The Ionization in degenerate matter is primarily a rc.sult of pressure, and not 
temperature, and the problem has to be treated as an extension of the 
electron theory of metals. It has been extensively studied in recent years, 
because, amongst other things, of Us interest in connection with atomic 
explosions. 

At this stage, it may not be out of place to refer to the extremely 
important work by Uec and Yang, Ii>yson and others, on the theory of 
what has come to be known as ‘hard sphere gas-’ For instance, it is found 
that the energy per particle of a Fermi gas, at absolute zero temperature, 
requires a corcectio,n term which is proportional to the radius of the 
particle. The significant thing is that the correction is proportional to the 
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radius and not to its cube, as one would expect according to the naive pic¬ 
ture that the volume available for a particle is the volume of the enclosure 
tninus the volume actually occupied by the particle^-'* 

It is of some topical interest to refer to a paper of Saha, *On a 
Stratospheric Astrophysical Observatory’ which appeared in the Records of 
Harvard College Observatory. In this paper Saha made what at the time 
(1936) was a very ambitious plea of photographing the solar spectrum 
at a height of some 50 kilometres, well above the ozone layer ; and he 
pointed out the enormous gain that would accrue to astrophysics. He 
also discussed the possibility due to the fact that the ultra-violet radia¬ 
tion from the sun may be several orders of magnitude above that corres¬ 
ponding to a black body at about 6500° JEC. He wrote : ‘This may 
possibly be due to the fact that the ultra-violet spectrum of the sun may 
consist of a continuous background of faint light on which are superposed 
emission lines of H, He, He^, Pc'*", and other elements which are represent¬ 
ed in the visible range by lines of subordinate series, or by patches of 
ultra-violet continuous light (near about x 500) leaking through the solar 
atmosphere from a much hotter region inside the photosphere, as suggested 
by Professor H. Russell.* 

Saha’s work provides many extimples of projecting ‘new ideas’ from 
physics into astrophysics, Xhese were often remarkably bold, and in some 
cases even highly speculative. Witness, for instance, his earJy work on the 
theory of selective radiation pressure. As another illustration, we may 
cite his work on solar corona. In the case of the corona an outstanding 
problem is that of the mechanism or source responsible for the high degree 
ionization—loss of 9 to 13 electrons—of the iron atoms, and also nickel in 
the inner corona, as conclusively demonstrated by B. Edlen’s remarkable 
work (1938) on the origin of the coronal bright spectral lines. D. K-undu 
working under Saha showed that some of the lines may be due to highly 
ionized cobalt atoms- The intense ionization, as also the excessive 
broadening of the Praunhofer lines in the scattered radiation from the 
outer corona, and the strong coronal radio-emission in the region of wave¬ 
lengths of the order of a few metres, all suggest coronal temperatures of 
the order of millions of degrees, but the origin of these temperatures which 

•►The null-point energy per particle is 

E ^ 

5 2m 2m Tc 

where a is the particle radius and Xq is the inaximui-n Fermi momentUTxi, that is 

where n is the number of pai ticles per unit volume and ^ is the weight factor. 

CK. Huang and C. N, Vang. Physical Review, 1957). 
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lire comparabte to those occurring iu stellar interiors is largely still an unre¬ 
solved problem, Saba found it difficult to accept the existence of such 
high temperatures. In fact, la account for the Edlcn lines he advances in 
a number of papers the somewhat quaint hypothesis that the highly 
charged tons necessary for the emission are produced as a result of some 
form of nuclear fission occurring in the sun’s outer atmosphere—h® 
suggests tri- or quadri-fission of U or Th. The problem of the emission 
of radio waves from the sun and other stellar bodies also engaged his atten¬ 
tion, and be discussed the like role of the magnetic field and the hyperfine— 
structure levcl—spliiting of the ground stale of the H-atom {Nature, ISS, 
1946), He failed to recognise, at any rate explicitly, the possibility of the 
occurrence as line emission of the 21-cm hydrogen line in radio spectra. 
(He was not aware at the time of the earlier prediction Cl944) of H. C. van 
de Hulst.) 

In conclusion—and this has been a very sketchy account-may I 
quote from one of the most distinguished astronomers of our time, Otto 
Struve : ‘His (that is, Saha’s) brilliant work on the ionization of stellar 
atmospheres, more than thirty years ago. resulted in a revolution in scienti¬ 
fic thought comparable to that which occurred when Fraunhofer and 
KirchhofT laid the foundations of the spectroscopic investigations of the 
celestial bodies. Saha’s work has been a source of constant inspiration 
to virtually every astrophysicist during the present generation. My own 
early studies in stellar spectroscopy received an impetus from his work, 
and I believe that I have never written a scientific article in which I have 
not in one form or another made use of his theory of ionization.’ 



AN EXPERIMENT IN SPACE BIOLOGY 

N. SUTARIA 

Sponsor, Science Club, Shree Vldyanagar High School, 

XJsmanpura, Ahmedabad 

Much progress has been made in space travel since the Russians 
launched the first man-made Sputnik on October 4, 1957. Several astro¬ 

nauts both in the XJ.S.A. and Russia have orbited several times round the 
earth in their space ships. On these journeys, the spacemen took their own 
prepared food. Plans are also being made to send a man to the moon. But 
in this case, the journey will be longer and scientists will have to think of 
providing food for the astronaut and also think of devices to eliminate the 
waste products. To understand some of the problems, an experimental 
project was planned to keep a mouse in a closed system where the food to 
the animal was in the form of an alga grown in the system, and its waste 
products were disposed of in a useful way. 

This article describes the details of the experimental project under¬ 
taken by the science club in keeping alive a mouse for six days in a closed 
system. Of course, this project does not take into account the absence of 
gravitational force, but a study was made to see how far algae could be 
used to supply air and food to this animal kept closed in a cabin. 

Two problems had to be faced. One was how to regenerate the 
atmosphere in a closed system and the second, how to convert the urine 
and excreta of the animal into non-toxic gases and water-soluble nutrients 
which could be used again. The first problem was tackled by growing 
Chlorella —an unicellular alga—both as food for the animal and as an 
agent to purify the atmosphere in the cabin of the animal. The second 
problem was tackled by utilizing bacteria to first break down the waste 
products before using them as nutrients in the algal culture. The bacteria 
for this were obtained from sewage. 

Methods of Study 

A batch of six active members were selected and three of them were 
assigned field work and the other three were given experimental work. After 
several trials Chlorella was cultured in soil solution. The latter was 
prepared by autoclaving garden soil, well stirred in water. After cooling, 
the filtered solution was used. This filtrate was used in quantities of 
50 cc, lOO cc, 150 cc and so on up to 500 cc, diluted to 2000 cc of glass 
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tlivtille-tl wat«?r. By ti f«'>Lin<l that 500 cc of Koil solution diluted 

to 2tKX) CO V¥Bs the Best foi the cultures the itlfitt. 

I'he animal .selected vsas trained Tor eijihtcen days to depend entirely 
on a diet consisting tinly «>f ihc ali^a. It was observed that the addition of 
n Tittle table s>alt to the afyu made it more palatabje to the animal. 

Ivlany dcsijgns of the apparatus were ttied and finally one was found 
to work well. 'rbis desiyn is shown in Fig:. 1„ 



Si' " 


Fiet. l. t>ia(rra{i>rn:itic sketch of the app.iraius net up. 

The animal was kept in a chamher of one cuhic foot capacity fitted with 
a sicve-Iike floor. This enabled the urine and excreta to collect below (V), 
which acted as the septic tank. The foul air given olT by the animal in 
chamber A was expelled by the air pump B into the algal cultu'e tank C. 
The tank was illuminated by an electric light. The alga in the tank 
carried on photosynthesi.s and in this process built up carbohydrates and 
released oxygen. The oxygen was led through to the condenser and then to 
the water tank. From here it was led to the living chamber through tube Q. 
The air cycle was thus completed. The water from the algal tank was taken 
into a boiling flask H through the regulataiing stopper 1. The tube with 
cock I worked as a .siphon and hence flask M had to be kept at a level lower 
than that of the algal lank. The tube J-K. with Cock J was used as a starter to 
suck water to fill the siphon. When the siphon was filled, cock J remained 
closed, and when water in the flask H was exhausted, it was refilled by open¬ 
ing cock I. The steam from flask H was passed through the condenser. The 
condensed water collected in the water tank K. This could fill up only to the 
level of tube Tdt. Any excess of water overflowed into the smaller tank below; 
From here this water overflowed into the chamber through O. One end 
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Q of the tube PQ had a narrow opening through which water trickled. 
This trickle was used by the animal for drinking, whenever it needed it- The 
stop-cock R of the tube N remained usually closed, but it could be opened 
to empty tank F, or to wash the living chamber which was done once every 
24 hours. Food was supplied four times a day to the animal. This was 
done by opening cock S and allowing water with algae to flow into a food- 
dish T in the living chamber. 

The container XJ had some salt solution and this was allowed to flow 
in drops on the algae in the food dish. The salt was added to make the 
food palatable. 

As explained earlier, the floor of the chamber was a wire-mesh which 
allowed all liquids and excreta to go into the lower part of the chamber. 
The waste products with water were taken through a tube to the septic tank 
W which had the necessary bacteria to break down the waste matter. The 
final end products were taken up to the algal tank by the water pump X- 
Any bacteria taken with the water would be destroyed by the ultra-violet 
rays of the lamp below the algal tank. 

Water tank F and living chamber A were of wood, made water¬ 
proof and air-tight by coating all sides with three coats of wax. 

The previously trained rat was kept alive in the closed system for six 
days and the joy of the club members was boundless when it was removed 
alive at the end of the period. 


The foregoing account is reproduced here as an example of what an energelic and 
enthusiastic sponsor of a science club can initiate as a working project. The correctness 
of the working of the closed system and the scientific principles involved and explained are 
the responsibility of both the sponsor and the club tnembers. 


Editor 



AROUND XilE RESEARCH LABORATORIES IN INDIA 


l>urlrig: WitrttJ W-ir II, th» €1u(vcrnrfi«ni f^^ti tfienciM:) it> niobili/c ihe country’s scientlOo 
r’r^o«r«..e% Tvir «Hc war clTi*ri:, In ordBr Ha tio ihK, ihe C'ouncil of ?vcientiflc nnd Industrial 
Kcsc-arcfi «tTSlRj vi.a^ c»n«iHi«il«d m lo protnojc. j^uidc and coordinate frcienlific} andmdus- 
trki\ rc-eacch fur «Hc (ecanomic tteveloomcnl oriHc cowniry. With ihe advent of indcpendenco 
In 1*^*4?, <h« Nalinn»i| Ciovcrnrrvcrnt uiKicr the far-»iBme4 leadership of Shri Jawaharlul Nehru, 
bHSjg4SO la p^im th<s indiiSir*«iil and technoloaicat dcvclnpmeni of iho couniry. This is possible 
only ifv^e ertsure u p iralicl dovelopmcni of Acicniific and indusirial research by our own scion- 
tHiit in cu»r ovvti labomioric*. 

The pioneering cITons of the late Dr. S S. B"? iinasTr, F.R S., have resulted in the csta.- 
bti^-H'nsni of a cS lin of 17 N iiioa il U thoratorict —an •n ic’c of expansion of science from indc- 
pendente to date, The^we 17 laboratories are |.»caicd all over the couniry from Karaikudl 
in Ihe south to Jammu In the north, and front Dhevratar in il-c w«.st to Jurhal (Assam) in the 
cast. AU these iniilLutions are earrytn® out very important scieniinc work. The work which 
they do does not come under the purv^iew of Universities or industry. Their main emphasis 
i* on basic problem* of science- This effort to enrich knowledge in in the best Interests of 
fndiistry. as thescieiscc of (odiy U tho tcchnoloity of tomorrow. 

Besides thesa nttionat lalioratorlcs, there are several other laboratories, much older 
and welt csiabllsheJ which are ctlso doinic very Bood woik and have g.alned a name for 
tliemseWes. 

It Is prapaisd to publish feature arlicUs of tho aciWitics and achievements of a few of 
these taboraiories. We begin the series in this Issue with an account of the National Physical 
Laboratory. New Delhi. ■^Ediior 


NATIONAt. BHYSICAI- LABORATORY 

The IMationnl Physical Laboratory was the first among the chain of 
laboratories to be set up by the Council of Scientific and Industrial Research. 
The laboratory was opened at ils present site by the late Sardar Vallabhbhai 
Patel in January. 1950. The laboratory owes ils stature to the pioneering 
efforts of its first Oircclor, the iate Dr. K.. S. Krishnan, F R.S., an eminent 
physicist of international repute. Over a period of 14 years he built up a 
high tradition of research work. 

The laboratory conducts basic and applied research in various branch¬ 
es of physics. Industries are helped by the devclopmortt of new pro¬ 
cesses. utilizing mostly local materials. The laboratory has been entrusted 
with the selling up of standards of moss. length and lime and other derived 
standards. 

The laboratory has about ten divisions and five sections or units in 
which the scientific work is carried out. 

Standardisation 

The enactment of the Weights and hdeasures Act in 1956 was an import- 
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ant step in tbe progress of the country. The National Physical Laboratory 
is the Custodian of the National Physical Prototype of the kilogramme 
and the metre which were acquired from France. The sets of cast iron 
weights of different masses made by the laboratory proved very helpful in 
popularising the metric weights. These standard weights and sets of 
standard capaciiy measures were supplied to the states. Successful steps were 
taken to improve the quality of balances manufactured in India and high 
quality balances are now available, in the country. 

The Standard Ivfelre Bar acquired by the institute is made of platinum 
iridium alloy* The laboratory also possesses apparatus for precision 
measurement of length required in engineering and trade- 

The third main standard is that of lime. Scientists, and technologists 
particularly, astronomers, telecommunication engineers and surveyors 
require precision in time measurement. The quartz clock in the NPL mea¬ 
sures lime to such an accuracy that after three years of continuous working 
the possible error is a fraction of a second. Such a quattz clock is the core 
of the Standard 'T’inie and Frequency Broadcasting Station of located 

in ICalkaji. It is the twelfth international station of its kind, the two 
nearest to India being Tokyo (Japan) and Turin (Italy). The Standard 
Time Service is broadcast under the sign ATA on the 30 metre band every 
15 minutes from Monday to Friday between 1 1.00 and 13.00 hours ISX. 
The accuracy of the time broadcast is wiihin five-hundredth of a second. A 
monitoring centre at the NPL compares the time signal with those fiom 
Moscow, Greenwich, Washington and Tokyo. 

The quartz clock has as its main part a cut crystal of quartz (a 
common mineral found in beach sands), which has the properly of oscillat¬ 
ing at a constant frequency when excited electrically. This phenomenon 
is known as Piezo-electric effect. These regular vibrations in quartz, thus 
generated, are utilized for measuring time. The quartz crystal at K.alkaji 
vibrates at the rate of 100,000 times per second. 

To meet the requirements of more precise timings for satellites and 
spaceships, arrangements are being made to set up an ‘Atomic dock*. 

Besides the three basic standards of mass, length and time, standards 
in other fields like electricity, thermometry and photometry are also being 
maintained. 

Besearch 

Research of both academic and applied nature is being carried on. 
The laboratory is well-equipped with modern apparatus for research in 
various fields of physics. Some of these arc (I) the Collins Liquid Helium 
Plant and. a large electromagnet for research, at low temperatures, (2^ the 
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tjaAm jnfra-ircd ,speclrnmelor, C.%J R.C.A. electron microscope capable 
of Ji magniftcalion tjf 4tv.fKK), <4> Ktlwstrd's l-mch'1‘ype: electron dilTractlon 
ai>|»ara(»is. anti <51 Philip’s X-ray tlifTraetinn unit and Weissenberg camera. 
)Lt*w Tk'tnpi'ralure iPhyxirx 

The phy?.ical properties of solids at low temperatures, for example, 
iheim.il conduciiv»ty, electrical conduciiviiy and magnetic susceptibility are 
stuthed in this section. They arc helpful in formulating a complete theory 
of the solid stale. Such properties arc being studied at very low tempera¬ 
tures, 4'K. to IQ-K, which are being produced on account of the availability 
of liquid helium. 

Stof/rf State 

A new method for the determination of thermionic constants of metals 
developed by the late I>r. K,. S. Krishnan is being extcn.sively applied in 
the study of metals, alloys, crystals and semiconductors. Optical crystals 
and electrical properties of ionic cry.stals like alkali halides, both pure and 
doped with impurities, are being studied. 

ACOUSttCJ! 

Bxtensive researches on the amount of heat produced by the passage 
of sound energy through a liquid established the taw of equivalence as 
Joule's Mechanical Equivalent of Heat, J »-• 4.18x10’ ergs. Researches 
on the aifemation of sound waves in a medium have established the equi¬ 
valence of sound energy and heal energy. The effect of ultrasonic 
irradiation on chemical reactions has been invcsUgaled. 

Optfey 

The main lines of research here are spectroscopy applied to detection 
of metals in blood and tissues. Manganese poisoning among the workers in 
manganese mines is a serious typo of illness which may lead to mental 
imbalance. It is very necessary to estimate the mangane.so content in 
Wood for diagnosis of this malady. Prom the spectra of studies made, it is 
concluded that the highest concentration of manganese in the blood of the 
patient la 400 gmg per lOO cc, the normal content being 13 pmg per 100 cOt 
Research on the application of spectroscopy to combustion problems is, 
being pursued. For a study of combustion in flames, a special form of- 
glass apparatus has been constructed. Here atomic oxygen is produced, 
which, combining with acetylene, gives a fine stable flow in vacuum. 

Other lines of investigation in this division are interferometry, image 
formation, and aberrations in optical instruments, vision and colour per¬ 
ception by the human eye at low levels of illumination. 








Hctiurii plant 




A' 







NATIONAL PHYSICAL LABORATORY 


277 


The laboratory is rendering help to industries. In. this division two 
examples could be cited : one is the technical advice rendered to Indian 
manufactures of railway signal glasses, as a result of which the quality of 
the products has vastly improved. Opinion was asked from the laboratory 
about the quality of microscopes supplied by foreign countries. Tests 
were conducted utilizing interferometers designed and fabricated in NPL. 
The report proved extremely useful to the Government in coming to a 
decision regarding the programme of manufacture of microscopes in India. 

Elactronics : Great deal of work has been done in the fabrication 
of microwave tubes, magnetrons and klystrons. Techniques developed 
are being applied to the study of propagation of electrons in the magnetic 
fields. Using vacuum tubes, many new circuits were evolved for obtaining 
sequential switching which has found, application in automatic timing road 
colour signals in IDelhi. 

Elfictron Microscope : Some years ago TSfPJ- was one of the four 
institutes that could boast of an electron microscope. Using electron beam, 
tbis microscope can magnify 40,000 times. Studies are made of the structure 
of metallic films and crystals with the aid of the electron microscope. This 
instrument is also used by guest workers from universities and other institu¬ 
tions in the study of bacteria, ultrastructures of plant cells and plant struc¬ 
tures like cilia, sculpture of diatom walls, etc. 

Radio Propagation and Space Research 

The Radio Propagation Unit is actively pursuing (i) measurement of 
ionospheric absorption using cosmic radio noise, (//) study of ionospheric 
irregularities from scintillation of radio stars, (lYO propagation of low 
frequency radio waves, (zv) physics of the upper atmosphere, Cv) interpre¬ 
tation of the data obtained from C<i ionospheric recorder, (vz) true height 
computations, (vz7) solar radio astronomy using interferometers, and 
(v/z'z3 radio patrol of solar flares. 

Since the launching of artificial satellites and space ships, arrange¬ 
ments have been made for the reception of the radio signals transmitted 
from them. And. from the analysis of the intensity of the signals received, 
the total ionization content from ground to the satellite height has been 
derived. 

Rain and Cloud Physics 

Studies in this unit are undertaken on cloud formation both in the 
laboratory and under natural conditions. A beginning has been made in 
promoting artificial rain by seeding from an aeroplane. A S.2 cm radar 
has been in use during monsoon seasons and interesting results have been 
obtained. 
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The ihcorclical grf'up on «j«antiim physics and mathematics is 
actively pursuing? research on various topics. 

Applied Hetearch 

HeJp is rendered to industries by giving technical advice which in 
many ca.ses results in considerable improvement of their products. Two 
exarnpies have already been cited about the railway signal glasse.s and thq 
testing of microscope objectives. Tests on materials used by industry are 
undertaken and the problems referred to by them are also investigated> 
Such losfing covers a wide field among which may l>e mentioned weights 
and measures, optical instruments, electrical appliances, various engineering 
materials for hardness, fatigue, impact and strain, and several other 
industrial materials like bicycle coinponents, radio components, lead 
pencils, cinema carbons, etc. 

Ivtanufaciuring processes for carbon products and ceramic capacitors 
have been developed. A. process has been worked out at the blPL for 
utilizing titantum dioxide to produce ceramic capacitors. Capacitors are 
used in radio receivers, fluorescent lamps, amplifiers, hearing aids and 
measuring instruments. The production cost, as worked out on the basis 
of pilot plant runs of 1.500 units per day, comes to I 3 nP. per capacitor of 
lOO pF {pieo-farad, a unit capacitance!. A new type of thermal capacitor 
has also been developed. These arc known as thermocapacitors. These are 
ns sensitive as a thermometer lo temperature changes but with the difference 
that they can communicate, by remote control, the recorded temperature 
through radio waves, A transmitter fitted with thcrmocaps can bo used 
ns a self-operating fire alarm. The potentialities of ihermocapacitors are 
immense. They can be used in weather balloons. They act like a talkie 
thermometer and spell out temperatures as the balloon ascends. 

f-'acilitiss for Traininfi 

In the vacations, university teachers are invited to avail of the labo¬ 
ratory facilities. Similarly nominees of other tndu.sirics are invited to work 
in the branches of their special Interest. 

t-ibrary and IlMSaOC 

At present the total number of books, periodicals and other scientific 
publications held in the library exceeds 1,00 000. It receives about 1,500 
journals. This represents a good collection of scientific publications in 
the field of mathematical and physical sciences. The resources of the library 
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are supplemented by insooc (Indian National Scientific Documentation 
Centre). This Centre provides documentation services to scientists, tech¬ 
nologists, industrial organizations, research institutions, universities, etc. 
It receives and retains all scientific periodicals which may be of use to the 
country, and it acts as a channel through which the scientific work of the 
nation is made known and available to the rest of the world. 

INSDOC has been publishing a semi-monthly msDoc List of Current 
Scientific Literature, a monthly Bibliography of Scientific Publications of 
South and South East Asia, and a quarterly periodical on documentation, 
called Annals of Library Science. 

Science Museum 

A museum has been organized to exhibit models of educative value to 
show the development of physical sciences. A programme of guide lecturing 
through the museum galleries has been set for school and college groups. 
Schools can take advantage of this museum and take the students in 
batches to the NPL, the museum and the planetarium there. 

Planetarium 

This is housed in a special building with a 18 ft. diameter dome. The 
planetarium was presented by the German Democratic Republic. A total 
of 5,000 stars and a few nebulae can be seen. Fluorescent exhibits of 
astronomical interest are also exhibited. With a 3 in. refractor telescope, 
the whole unit is acting as a centre for promoting popular interest in 
astronomy. 



CLASSROOM KXPERIME?NiTS 


A MEriIOl> OF CUCl URmci FKRN CiAMETOPHYTES 

Many scho(»l!s and even some colleges which teach the life-history of 
fern'-, oilrn do not have specimens of the prolhallia to be shown to the. 
studcrils. They give specimens of the sporophytes for examination, and 
drawing of sketches, hut when it conics to the gameiophyles, they either 
have a sinjjle whole-mount obtained from a biological supply firm, or in 
its absence, they show piciutcs of it on a chart or a book. To help teachers 
over this dithculty, a simple method of culturing fern gametophytes is 
described here 

Fern gametophytes may be found wherever fern sporophytes are 
common This is so in climates where they grow easily. But in places, 
with a hot and dry weather, gametophytes are often difficult to find. Often 
the specimen.'! collected are not satisfactory. 

Method of Gu/iuririfi 


Select a few fern leaves with mature spores and put them in a card¬ 
board box and allow them to dry for a few days. Cover the box to prevent 
dust from entering. 

Take a small flowerpot CZ'- —4" high) and fill it with dry moss, pieces, 
of paper and tissue paper. Moisten this .stuffing. Invert the flower pot, 
aver a flat mud pot. as shown in Figure 1. Fill the flat pot up to a depth, 
of I'—14' with water. Flace both of them an a sheet of glass. Cover this 
flower-pot and the lower flat pot with a wide-mouthed fruit jar or a battery 
jar. 

Now, shake the dried fern leaves in the box over a piece of paper or 
on the bottom of the box itself. The spores will be freed, and they can be 
collected as a fine brown powder. With a clean pipette or ink-filler suck* 
up the dry powder, raise the covering jar and spray the dry spores on the 
moist surface of the inverted flower pot. With a little experience the 
spores can be sprayed evenly. Put back the cover and keep the whole 
set-up In a cool shaded portion of the garden or the window. The spores 
begin to germinate in a few days and the prothallia mature in about 8-10 
weeks. Add some water to the flat pot from lime to time to replace that 
which may be lost by evaporation. If possible, instead of water a half 
dilute Knop’s solution may be added.*^ Sporophytes begin to appear in abotit 

^ 0,25 b- MgSo., 0.25 8. KHaPO*. 0.25 B. Trace of ferdo 

chloride. IDistiUed water, 1 litre. 
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8 vsfccka, rtie pamctophytes mny b3 examined from time to time and a few 
of them may be preserved in P", A. A’, or formalin for tjs,e later on for 
tnicroiicopic examination. 

To observe sperms, remove thj gtaas cjver from the culture and allow 
lb© gametopbytes to wilt but not dry out. Mount one or two such wilted 
gametophytes im a .sHde Sn a drop of water. The sperms vvill como out of the 
autheridia tn about 2 or 3 minutes. 

Start S or 4 culture pots at the same time, so that even if one or two 
of them fail, you can be sure of a supply of gametophy tc,s. 

S. OORAISWAMt 

. jf - 

tFormuLa ; Alcoh-ot 70%, 63 mi., forntsllrt eommcrcUl, iO nil-. Rlaciat itccLic acid, 5 rot. 


AIR THERMOMETER 

Temperature is the degree of hotness of n body. TTie expansion of: a 
substance enables us to me.tsurc temperature ; for example, the hotter tgo 
material in a thermometer, the more it expands. Common thermometers 
are filled with mercury or with coloured alcohol. Both these substances 
remain as liquid through » wide range of common temperatures, and 
so are appropriate for domjstic purposes. The first thermometers used 
air as the expanding substance. 

To make an air thermometer, fit a fiaskr made from an used electrio 
bplb fitted with a one holed stopper with a 60 cm. gUtss tubing in it. The 
stopper must be sealed air-tight by dropping molten wax from a candle. 
Paste a strip of paper for a scale behind the tube. Place the lower end of 
the tul3e in a bottle of cold coloured water. Warm the bulb gently to 
drive out some air so that when the bulb cools to room temperature the 
coloured water may rise to about half way in the tube (Fig. 2>. 

To graduate the scale. let the thermometer stand in a room for 
several hours. Have artolhcr thermometer near the bulb. Make a lino on 
the paper at the level of the water and mark the reading of the thermonieiot 
at this point. Next move* your thermometer to a warm place to stand far an 
hour with the other thermometer near the bulb. Mark the water leveUan^ 
the temperature. Move again to a cool place and again mark th^ (evel 
and temperature. DivWe the space between these marks into ;e^ual 
divisions and mark off the corresponding temperature, ' , 

Prom JJjLrutiaoJlc of —ctojsfta VI—VlIC accompanying the Gencrtxt Science 

Syt/oaiM, NCBR.T. I9&3 (undiir print). ‘ - f 
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Kinetic energy has many forms and one example is the energy of a 
falling body. This can be demonsiiated -with the following device. 

Cut slots down the sides perpendicular to the ends of a cotton reel 
or,.a wide disc of cork. Insert pieces of tin or Wood as shown in the figure, 
ly^e a knitting needle or a thin pencil as an axle. Support the ^xle dn a pair 
of^rooved wooden stands. Direct a stream of water from a! tap or Cilom 
a tahk to see the vanes (tin pieces) moving by the kinettc energy of the 
water. Relate this with the idea of utilizing water power froin da'ins and 
rivers (Fig. 3). ' . " 

[/A/f/. Grade VI. Activity for concept 3a, Energy under the Unit, Energy and Work of 
the General Science Syllabus^, 

MODEL OF STEAM TURBINE 

To make a model of a steam turbine, first cut radial slots from a circular 
piece of tin sheet and twist the blades to remain perpendicular to the 
plane of the tin sheet. Punch a hole in the centre and pass a Knitting 
needle as axle. Bend another piece of tin into a U-piece with two holes 
and solder it on the ltd of a kilo-size tin. Make a fine hole near the base 
of the U-piece. Insert the axle through the holes for support as shown in 
the figure (Fig. 4). 

Fill the can with about a fourth part with water and close the lid 
tightly. Heat the water to boiling till steam escapes through this hole and 
moves the blades. 

Orado VIII. Activity under concept 2a, b. under Unit Energy and Work (Engines). 

REFERENCE 

General Science far Classes I — Vlll. National Council of Educational Research and 
Training, New Delhi. 1963 
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THE BrOLOGICAL SCIENCES CURRXCUEUM STUOY (BSCS) 

GEfcK H PliTt.RSON 

Profasor of Biotnfiy, XJnivcrxily of Ifou\rnn, ITaurfort^ Texas, 

IT. S, A., am/ lPri/€'r arttl Cansa/tunf, BSCS. University 
of Calorat/o, BouU/er. C'oioraeJo, fJ. S. A. 

During the past summer (1963) India’s XJnvorsily Grants Commission, 
the National Council of Educational Research and Training and the United 
States Agency for International Development through its Teachers 
College of Columbia University team cooperated to sponsor an exciting 
Summer Institute for Biology Teachers at the University of Madras. 
This experimental institute was designed la acquaint the participating 
secondary school teachers with the newer concepts of biology and eflcctivo 
ways for their leaching. Participating teachers representing every state in 
India from Assam to Bombay, and Cape Comorin to the Ponjob, were in 
attendance. The institute was directed by Dr. S. ICrishnaswamy. Reader in 
Zoology, at the University of Madras. The entire biology staff at the 
university plus a number of distinguished visitors from various places 
in India cooperated in this presentation of the most up-to-date 
biology. It is hoped that the participating teachers will return to their 
schools and pass this new knowledge on to their students. I was fortunate 
enough to be selected as the American Specialist from the United States 
Department of State for these sessions. 

The sessions of the Summer Institute in Madras were supplemented 
by field trips, film shows, research talks, etc. However, the lectures 
and practical work were centered on Ifigh School Biology as developed in 
America by the BSCS. Interest in these materials was keen, and it is the 
purpose ot this article to outline the story of their development and 
usage. 
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The BSCS was organized in 1959 by the Education Committee of the 
American Institute of Biological Sciences CAIBS). The AIBS is an organU 
zaiion of over 85,000 biologists from nearly all the research and teaching 
fields of biology. Stated simply, the mandate to the BSCS was to seek 
the improvement of biology education. This was of great concern in 
America as it was quite apparent that many outdated ideas of science in 
general and biology in particular, were being taught in the schools. 

Since most (about 85%) of the secondary school students in America 
take biology as a science, it was decided that the first efforts of the BSCS 
should concentrate on High School Biology. 

The BSCS established and still maintains offices at the University of 
Colorado, Boulder, Colorado, XJ- S. A. It selected as its President, Ur. 
Bentley Glass of Johns Hopkins University, and as its Uirector, Ur. 
Arnold Grobman of the University of Florida, Its major source of finan¬ 
cial support (to date, equivalent to about rupees three crores) has been the 
National Science Foundation- General policy for the BSCS is established 
by a 27-mcmber Steering Committee which includes research biologists, 
high school biology teachers, science supervisors, education specialists, 
medical and agricultural educators, and school administrators. 

Instead of preparing one set of biology materials for use in high 
school biology, the BSCS, for reasons which will soon become evident, 
prepared three parallel sets of books. These are known as the Blue, 
Yellow, and Green Versions of BSCS ///g/i School Biology* Each is com¬ 
plete with text materials, laboratory practical work for the student, and 
Teacher’s Guides. These materials were prepared by teams of biologists 
(both university staff members and high school teachers), working at 
Summer Writing Conferences during three successive summers—1960, 1961, 
and 1962. The work of the second two summers representing revisions of 
the original materials was based on a wide programme of testing and profes¬ 
sional reviewing. 

The primary purpose of each version of Bioingy was to prepare a course 
suitable for wide use in the average high school with average lOih grade stu¬ 
dents (American high schools run through the 12ih grade after which quali¬ 
fied students may elect to matriculate in a college or university). This course 
should give the student a basic understanding of science in general as well 
as biology in particular. And such a course should build a scientific literacy 
in the student which would prepare him for responsible citizenship in an 
increasingly scientific and technological world. The BSCS seeks to teach 
science as away of thinking through to answers. To do this, the underlying 
concepts and understandings of biology are constantly stressed both in 
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lecwre awswtons ancJ Iahorsit<.»ry practical work. The student actively partU 
Cipalcs In both lecture dittcossions. and practical period exercises. By 
#» doln® the student e-a>ns an insight to the scientilic process, per.se, 
tmtliwr than just rememberinjt a mass of unrelated, specialized biological 
terms- 1 

. Specifically, the BSCJS ciirj he said to difTor from the conventional ' 
treatments of biolofiy in. at least three major aspects. 

even with three difTercnt versions, all BSCS materials have 
significartt unifyinig threads. This unity arises rrom the agreement of the 
writers that nine l»avtc emphases should be woven in and through each 
the versions- Theso are : 

1- Change of living things through time—in a word, erotutlon 

2. Oiversity of type and unity of pattern of living things 

3. Ocnetic continuity of life 

4. Complementarity of structure and function 

5. Bioiogical roots of behaviour 

6. Comptemcnlariiy of organisms and environment 

7. Regulation and homeostasis : the maintenance of life in the 
face of change 

8. Science as inquiry 

9. Intellectual history of biological concepts 

Secortdly, the BSCS is a general high school programme that haS 
resulted from a free cooperation between reams of research biologists, high, 
school biology teachers, and other contributing specialists. This cooperation 
has yielded a completely new start in high school biology based on the most 
up-to-date knowledge of the field. For example, where traditional texts' 
emphasize the organ and tissue level in biology, BSCS biology versions 
place greater emphases on other levels of biological organization. 

Thirdly, BSCS biology puts a greater stress on active laboratory work 
by the students than do traditional biology courses. American teachers 
using BSCS materials reported spending more than double the class time 
in the laboratory than they had with traditional materials. Furlhermoro, 
the traditional illustrative type of laboratory exorcise is de-emphasized and 
stress is given to investigative exercises which introduce the student to the 
inquiring processes of science. 

The llgure on. the next page demonstrates how each of the BSCS 
versions emphasises dilfercnt levels of biological organization. How can 
one justify three different approaches to modern biology 7 Let us look at the 
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Although biology can be thought of in terms of a single field of know-, 
ledge, at the present time there are a variety oF views as to how the compo¬ 
nent parts of the subject are interrelated. Thus biology difTers somewhat 
from mathematics and. the sciences of physics and chemistry. The latter 
subjects, to much greater extent than has biology, have utilized single-track 
approaches to the development of their present states of knowledge.'' But 
^just as variation is characteristic of the* biological world,so is variation to the 
study of biology a characteristic of biologists. Por example, some biologists 
(be they research people, or teachers, or both) think of molecular biology 
as the fundamental approach to-biology. Others begin with the cell as the 
elemental, independent, structural and functional unit in biology, still other 
biologists consider the ecological and behavioural patterns'bf individual and 
jgroups of organisms to be of first importance in the understanding of bioj- 
logy. Naturally no one of these approaches can be separated completely 
from the other two. But each does represent a separate field of emphasis 
for the study of biology. Thus, these three, of the rhany possible 
approaches to biology, represent the basic approaches of the 31ue, Yellow, 
and Green Versions, respectively- 

There is, as yet, no indication that any one version is more suited to 
a rural or urban setting, to a more or less sophisticated student body, or to 
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« more or fess weSJ-preparcd teacher. The choice of versions seems best 
to he made hy the teacher ha'Cd on the hackfvround and interests of him- 
tteir and his siuricrns. 

In addition to the materials issued with each version (texts, labora¬ 
tory manuals, amt teacher’s eiiidesj. the FtSCiH has developed many supple- 
trtcntaTy matetiais for use with its hiolojty courses- 

Titcre is, for esampto. a series of six-vveek laboratory block units 
available. Any one of these blocks may fcws used to supplement any of the 
versions stf BSCiS biotoey. 

Each block is centered around one sirea of biology and through a 
continuou.s six weeks of laboratory work in this area, it is hoped that a stu¬ 
dent will gain art insight into the depth of scientiftb inquiry. 

Tile users has through the facilities of the Educational Testing Service 
in Princeton, New Jersey. U. S. A , and the Psyclrological Corporation of 
New York City. U. S. A-, consuinity examined its experimental classes. 
The results of these testing proBrammea have given valuable information to 
guide in the revision of BSCS materials. 

Other supplemental materials for the BSC'S include the BSCS Pamph¬ 
let Series, with eight pnmpbicts issued each year on current, specialized 
topics in bioloey, and two volumes of Binlosical InvcsHsiations for Secondary 
School Sfne/en/x. The Iimcr is a scries of research prospectuses which may 
be used by the individual student as an out-of-class, long-range research 
activity. 

There is also a series of nine BSCS technique films to illustrate various 
modem and frequently u.scd laboratory techniques. A scries of 'Single 
Concept' films is in preparation, to be used in connection with BSCS bio¬ 
logy. This series will include short films to illustrate specific concepts 
found in BSCS biology. 

To dale BSCS materials have been prepared and tested with the aid 
of more than lOO writers. lOO teachers, and 160,000 students. All versions 
have been used successfully in large and small schools, in rural and urban 
areas, in every section of the United States, in public schools and private 
schools. 

As a result of this exiensive programme, the second revision of the 
BSCS biology texts is now being published by commercial publishers and 
will be available to anyone from the following American firms ; 

Btue Version —Houghton-IVlifniin Company 
Green Version —Rand, McNally Company 
Yellow Version —Harcourt, Brace & World Company 
Laboratory Mlocks-~Y>. C- Heath and Company 
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Teacher's Handbook —John Wiley & Sons, Inc. 

Biological Investigations for Secondary School Students- Re-' 
search Problems in Biology for the Schools —EXoubleday & 
Company. 

All other BSCS materials and information'—BSCS office. 
University of Colorado, Boulder, Colorado, U.S.A. 

The royalties from the sale of these hooks will be placed in a special 
fund to pay for future revisions, as needed, of BSCS materials- 

A major concern of the BSCS has been the training of teachers to 
use properly this newer knowledge in biology. Along with mathematics and 
the other sciences, hundreds of teacher-training programmes in modern 
science are being conducted in colleges and universities throughout the 
United States. During the biology sessions, the BSCS materials are being 
used in much the same manner as they were during the past Summer 
Institute in Biology at the University of !Madras. The BSCS has issued a 
special publication. Guidelines for Training Teachers, for the use of 
directors of these institutes. 

Intere.st in the BSCS programme has been expressed by many countries. 
Hence the BSCS has established an International Cooperation Programme. 
The following is a resume of some active work along these lines from var¬ 
ious parts of the world. 

Brazil A preliminary set of laboratory exercises of BSCS bio¬ 

logy, Green Version, Brazilian adaptation, in Portu¬ 
guese was issued in the spring of 1962. Kurther work is 
continuing on other BSCS materials being adapted for 
Brazil. 

Columbia Work is in progress on a Latin American edition of 

BSCS biology Green Version, in Spanish, with finan¬ 
cial assistance from the Ford Foundation. Preliminary 
testing has been done and the final edition of the 
materials will go to press shortly. 

Europe At the QECD meeting in Switzerland, high school 

biology teaching, with specific reference to the 
BSCS, was discussed. BSCS representatives included 
Dr. Hiden X. Cox, Chairman, BSCS International 
Cooperation Programme ; Dr. Herman Muller, BSCS 
Steering Committe member, and Mr. Phillip Jordyce, 
a BSCS experimental teacher. Several committees in 
Hngland are currently considering problems of improv¬ 
ing high school teaching. BSCS Chairman, Dr. Bentley 
Glass, met a number of persons in Hngland during 
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Iht •-•mimt-r of totli-cuss USCS programmes. He 

rlsirs >.p,ike on the HSC'S for a British Broadcasting 
C'orporation proitraiiime. i>r. Idij^abeth Pcrrott, Hni- 
wersity of Keele. visiicJ BSC!S hr-adqiiartcrs as well as 
some BSCS wriitnp tciims and BSC'S classes during her 
visit to the tjniiert Slates, a;. bacKtirouncl for her work 
on a eommtilee of h»tth school Inology .spon.sored by 
the INalionai Conservatory. I>r. II. V. Wyatt, Bradford 
InsCitute of Technology, also visited BSCS offices. 
And recently Mr. I’cter K.et1y, Bexley Grammar 
School, Welling, K.ent, has excellently reviewed the 
BSCS in the Science Review (Ivlarch, 1963). Ivlr. 

ICclly gatlicred information for his article during a 
visit to the G.S.A., and has taken special care to view 
BSCS methods in the light of teaching situations in 
England. 

A committee of Japanese biologists concerned with 
science education is now in it.s organizsitional stages : 
Or. Bentley Glass. BSCS Chairman, has been invited 
to wftrk with this group. In addition, a group of 
Tokyo high school biology teachers is studying the 
BSCS Blue Version. Or. Arnold Orobmnn, BSCS 
Oirector, met this group in September, 1962. 

With financing from the Philippine National Science 
Oevelopmenl Board, a writing team has been set up 
on the University of the Philippines campus in Quezon 
City to prepare an adaptation of the Green Version of 
BSCS Htnh School Binlopy far local use. Writing team 
members were drawn from the ranks of high school 
teachers, university biologists, and the University 
College of Education. Ii>r. Victor Larsen, a BSCS 
writer, is acting ns a U.S. observer with this group. 
The efforts of this group were planned for experi¬ 
mental use In the school year starling July, 1963. 
Or. Licern Louisano, Or. L. Sangolong, and Dr. 
Dolores Hernandez from the Philippines have visited 
BSCS headquarters in the U.S.A, in preparation for 
their efforts. 

Each month since July 1962, Science, the publication 
of the Royal Science Society of Thailand, has carried 
a section of the Thai adaptation of BSCS biology. 
Yellow Version laboratory manual. These articles 


Thailand 
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were prepared by Dr. Panec Chowanich and Professor 
R-ojanne Jaiuprakora. These materials are being used 
by experimental teachers who then report their ex¬ 
periences back to the writers. 

Thus, it can be seen that a varied approach to the adaptation of BSCS 
materials has been taken in different parts of the world. What can a 
particular country expect from a programme in modern biology for its 
secondary schools ? I believe, to answer this question, I shall quote from 
Dr. Bentley Glass writing in T'he School /Review (Spring, 1962) : 

*Tn sum and substance, what is the BSCS programme that past efforts 
'to improve the science curriculum of the secondary schools were not ? One 
might say two principal things in reply. For the first time in the history 
of American education we now see a large number of research scientists, 
from the colleges and universities, taking part in a cooperative effort with 
high school teachers of science and science supervisors to replace an 
antiquated body of scientific knowledge and outlook with subject matter 
and perspective that are truly current- The result is as astounding to the 
research biologist as to the high school teacher. How nearly fatal that 
until so recently no one seemed to realize that this must be the way, the 
only way, in an ever accelerating pace of scientific advance to provide the 
well-oriented education in the sciences that modern man must have. 

‘*This is one answer to the question. The other is this. For the first 
time, T think education in the natural sciences, at least at the secondary 
level, has assigned the acquisition of scientific information and concepts a 
place of lesser importance than the understanding of the very nature of 
scientific enquiry and of the scientific enterprise in which modern man is 
embarked. As I wrote on an earlier occasion : ‘The aim of the Biological 
Sciences Curriculum Study is to place biological knowledge in its fullest 
modern perspective. If we are successful, students of the new biology 
should acquire not only an intellectual and aesthetic appreciation for the 
complexities of living things and their interrelationships in nature, but also 
for the ways in which new knowledge is gained and tested, old errors 
eliminated, and an ever closer approximation to truth attained*. ” 
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NEW SCIENCE TEXTBOOK. SPUK.S 
AUSTRALIAN SECONDARY EDUCATION 

m>N JorN5!o?>s 
Sy.i:fney, At/.ilrttfia 

Sctenc^ Joe-Hif^h School Studentju. a comprehcnsi ve «scienoe textboolc 
that miegraic* the four ba<tic science* of physics, chemistry, biology, aitd 
geology, will t» inirt»duced to nearly 50.000 first-year secondary school 
students in the Australian Slate of Nctv South Wales next year. 

A product of some of the most able scientific minds in the state, the 
new textbook has been prepared under the direction of the Nuclear 
Research Foundation at the University of Sydney for the Now South 
Wales Oepartment of Education. 

It is believed to be revolutionary in its concept of an integral scientific 
suutXy. 

Frofesssor Harry Messel, head of the School of Physics at the Univer- 
aity of Sydney, and director of the Foundation, instigated the compilation 
of the new textbook. 

Its basic design is to serve the new and advanced syllabus that was 
introduced to the secondary schools of NSW last year. Under this new 
syllabas. every boy and girl has to take an integrated science course during 
the first four years of the six-year course of study, leading to the award : 
after four years, of the School Certificate. 

The first edition of the textbook—pilot edition—has 880 double^ 
column pages and more than 700 illustrations, including several in full 
colour. 

The Nuclear Research Foundation has undertaken to distribute free ; 
copies to all science teachers and interested tertiary educationists. 

In addition, 1200 copies will be distributed free to some 30 tost 
classes in state and private schools. 

Pilot copies of the book contain a detailed questionnaire, so that 
teachers and educationists can make comraonts and express views on the 
book’s efficacy. 

Research officers of the NSW State Department of Education will 
use the questionnaires to make a thorough examination of the new toxt- 
bookts strengths and weaknesses. 

By courtesy of the Au.atrallaci High OonnmLBsioD« IStew £>elhi„ 



NEW SCIENCE TEXTBOOK. IN AUSTRA-LIA. 293 

Xhe results of ttie investigation will lielp the editors and authors of 
the hook in a revision at the end of this year (1963). 

The Foundation is also producing a teacher’s manual to accompany 
the first edition. The manual will be available to all teachers in the State. 

All state schools in NSAV will be provided with the textbook from 
the first term next year (1964). Private schools will decide individually 
whether to use the textbook, and most have already indicated their inten¬ 
tion of doing so. 

ICeen international interest has already been aroused in the book. 

Professor IMessel himself will leave Australia within the next few 
weeks to negotiate reproduction rights with an interested United Kingdom 
publishing firm. 

Preliminary talks have suggested the likelihood of the book being 
published overseas in four language editions, as well as in standard BngUsh. 
Xhe languages are likely to be French, Spanish, German, and Hindi. 

‘Before translation, the book will need quite an amount of re-editing 
revising, and even re-writing»* Professor IVIessel saidL. ‘While the sections 
on physics and chemistry are immediately suitable for international use, the 
sections dealing with biology and geology have local Australian examples 
and applications. For its full value to b© realised in other countries, these 
sections will need careful editing and re-writing to give the appropriate local 
interpretations.* 

Copyright of the book is vested in the University of Sydney on 
behalf of the ISTuclear Research Foundation. 

Xhe price of the book has not yet been decided. It is not likely to 
be high, as the group of authors and editors—the Nuclear Research 
Foundation School Certificate Integrated Science Xextbook Group— 
has renounced all royalties from the book’s sale. 

Xhe group, comprising 28 Australian academicians, had four section 
leaders in their writing and compilation. 

Xhe chemistry group was led by Professor G. A. Barclay, Associate 
Professor of Inorganic Chemistry at the University of New South Wales ; 
the physics group by Professor S. X. Butler, Professor of Xheoretical 
Physics, University of Sydney ; the biology group by Professor F-V, Mercer, 
Associate Professor of Biology at the University of Sydney ; and the 
geology group by Professor A. H. Voisey, Professor of Geology at .the 
University of New England, Armidale, NSW'. 

Professor iMessel, in his introduction to the book, stresses that -the 
book ‘is for the youth of Australia and not just for the teacher*. He 
writes : 

‘It has been written in. such a way that, if need be, a ^student could 
gain considerably from a study of the book without a teacher. However, 
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Jr.'sfttifiar t» c».»ierKl!»l s** pr<i?ier lc.'»chmjj of the science course.’ 

F*r»fcssor Mrr.'K’f, wht* cot;ccii*eiiI this i«,fcu Tor art imcgrated scienci 
ie*«tiK»ofc, ttrok h»s rrle.i £«■> an cnlhrisi.rstic >r.«iW Department of Educatior 
i*» AMpu*st. He prrip<»,«-ed that a rcpicscnuilivc proup of writers shouk 

tackle the task of preparinift the aciem-c tcathtiok. He offered the FoUnda. 
tfon ns ifjc unify nsj force and said it would also ensure raising the finance, 
which vens ifirtiaily ahouf dS.f’KWI. 

rhe hulk of the rrurney was provided toy dtrtmtions of .*A 10,000 each 
from tftree Aostraliart business nponscirs- Atnpol I’elro!ev«m Ltd., W. D. 
and it. O, Wilts, arid W’rKrtworihs Ltd. 

I'foressor Ivtcsiscl. Professor 1 _Oroeker. head of the school ol 

Bitrlogical Seicnce at the University of Sydney, Mr. O. A. Guth, executive 
assistant in the umveraity's School of Physies, and Mr. L. Barker, staff 
inspector of the toJSW Department of Education, formed the executive 
editorial committee. 

The committee cslahlished a group of 2S science academicians in 
MSW to prepare draft manuscripts under their direction. 

The division of editorial cfTorl under expert supervision enabled the 
toook to he prepared, written sind produced in just 22 weeks. Its publioa- 
llon was treated as a matter of urgency to complement the Wyndham 
scheme which was introduced into secondary education in the slate last year. 

The Wyndham scheme, named after the r>ire!ctor-Genernl of Educa¬ 
tion in N.SW, Dr. JHI. S- Wyndham, began last year with the enrolment of 
40.000 primary students into secondary schools. 

Basically, the scheme extended the duration of the secondary educa¬ 
tion course irt NSW from five to six years. It was devised to give greater 
scope for idenlincation and development of a student’s individual abilities, 
end to en-sure a fitting scientific education to meet the comptexiUes of 20th 
century living. 

Students lake common subjects for the first year, and are then graded 
according to ability. They continue to have a basic common curriculum 
for the next three years, but spend increasing time on special studies in 
suitable subjects. 

The four-year science course for which the book has been prepared 
is part of the common curriculum and aoMors physics, chemistry, biology 
and geology. 

The main examination to cover completion of the four-year second¬ 
ary education course is an external School Certificate Examination. 

Students who wish to continue studies at a university or other terti¬ 
ary education institutions continue for another two years towards a High 
School Certificate Examination, designed as a University matriculation 
examination. 
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The book was launched in Sydney on May 3 this year at the ninth 
annual dinner of the Nuclear Research Foundation and has received a spate 
of favourable comment by leaders of Australian education. 

The NSW Minister for Education, Mr. E. Wetherell, said the state’s 
science syllabus was radically different from those followed in other parts 
of Australia and overseas. 

‘Before today, no one book published could cover adequately the 
needs of our new syllabus, neither in the contents nor in the spirit acti¬ 
vating it,’ he said. ‘I am happy to say the Foundation’s book does both. 
It captures the very spirit of our new science syllabus in every respect.’ 

The chairman of the Nuclear Research Foundation, Mr. T. J. N. 
Foley, said : ‘The creation of this book is the biggest and the most impor¬ 
tant contribution to education with which the Foundation has yet been 
associated’. 

The Australian Minister for National Development, Senator Sir 
William Spooner, described the book as one of the best things the Foun¬ 
dation had achieved. 
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WATCHMAK-ING 


JAt,-OU*5S BONANOMt 

Department af Physics, Neuchatel University 

For oenturies watchmakers have been buiiding more and more reliable 
itmepieces. Three hundred years ago a clock varying less than a second a 
day was still a dream of the future. A hundred years later it was a reality 
much admired by kings and emperors. Today you can get as much preci¬ 
sion as that from a cheap wrist watch. Meantime the art of the watch¬ 
maker has developed pendulum clocks and chronometers capable of a 
precision of 1/100 of a second. The last-comers arc the quartz clocks^ 
which will vary fc.ss than I 10 of a second in a whole year. 

Nowadays time is the physical phenomenon which can be measured 
with the greatest accuracy- It is a hundred times easier to measure a 
second accurately than to measure an inch or a gramme. The length, of a 
kilometre can be measured with the prcci.sion of one ten-millionth, the 
length of a day, however, with an accuracy of one thousand-millionth. 

You may wonder what is the Bmallest fraction which can be measured 
and where the race for ever greater precision will end, since the physicist 
is not yet satisfied with 10 zeros after decimal. Twelve to thirteen of them 
are needed for testing Einstein’s theory of relativity. 

Physical science will allow the watchmaker no rest and ask him for 
ever more precise timepieces. At the same time it will show him the way 
to still better results. After all it is to physic.s that we are indebted for 
whatever technical progress has been achieved. 

The invention of the watch which modem man carries about on his 
wrist or in his pocket is a legacy of the physical science of the past, of 
classical inathernatics in particular. The watch of the future will probably 
bo a child of to-day's physical science, i. c. atomic science, the study of 
atoms and molecules. But is it really possible to improve tlio best 
watches we have today? Let us hear what answer atomic physics has to 
tltis question. 

First remember why our traditional watches are so marvellously 
precise. Let us see how they work, and let us distinguish between essential 
facts and nonessential ones. Finally let us look for possible shortcomings. 


By courtesy oT the Bmbsssy of Switzerland. 
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Take first the pendulum clock I Its most impoirtant part is evidently 
the pendulum which carries out the fiee swinging movement. All the 
rest serves but to keep up the movements and to record them on the dial. 
What is essential, therefore, is the free movement of the pendulum. The 
duration of one swinging movement is the unit of time of the clock. Our 
clock will go accurately and be reliable only as long as the swinging move¬ 
ments of the pendulum are always the same. 

Now look at your wrist watch. Its swinging movements are due to 
the combination of the balance and the spiral. So we have again the 
method of measuring time by means of recording the number of oscillations 
or swinging movements, all of which must be of equal duration if the 
watch is to be reliable. 

As a third example let us take the quartz clock, the most perfect 
timepiece of the present- Its essential steering organ is a free swinging 
quartz crystal. It is less essential that these swingings are very rapid 
(about 100,000 oscillations per second) and that they are due to and 
recorded by electricity. Most important is the fuct that the oscillations of 
the quartz are almost perfectly regular, neither delayed nor intermittent, 
and almost unaffected by outside influences. 

The three types of timepieces so far mentioned have on© common 
characteristic, which w© call ‘resonance*, i. e., continued movements of a 
free swinging system (pendulum, balance, quartz). It is the merit of physicists 
of former centuries to have found out that a good timepiece must be 
steered by resonance. This principle still holds good. 

But with all their qualities the above described systems have two 
drawbacks. In the first place they are not absolutely invariable. They are 
subject to alterations under such influences as temperature, age, etc. 
Secondly, it is not possible to construct two absolutely equal systems, two 
pendulums, for instance, of exactly the same length. Therefore, if we 
want to improve the accuracy of present day clocks and watches, we must 
find a swinging system the movements of which are influenced neither by 
temperature nor by age, and of which any number of absolutely identical 
copies can be reproduced. Where shall we find such an apparatus? 

The new atomic theory can give a clear reply to this question. 
Atoms and molecules possess the very qualities we are looking for. They 
know neither temperature nor age, and all of the same kind are absolutely 
identical. But there remains the question whether atoms and molecules 
can carry out resonance oscillations. Of course they cah. This is the 
fundamental evidence of the atomic theory. This leads us to the atomic 
chronometer on the construction of which scientists are working in various 
laboratories. 

The principle of the atomic timekeeper under construction is as 
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follows: there mu*it be a. steering organ. I^ct us take the ammonia 

molecule. Ammonia is a gas, i. c, an ag^reg-ation of small, freely 
moving molecules, each of which is composed of three atoms of hydrogen 
and one atom of nitrogen. The latter oscill.ttes. When it is stimulated it 
wilt swing to and fro 23.870, S 20,000 limes a second. Thanks to the radar 
technique it has recently tjccame possible to measure oscillations of such 
frequency. In order to stimulate and maintain the oscillations, the am¬ 
monia must he irradiated by radar vv.tvcs, the fretjuency of which exactly 
corresponds to that of the nitrogen osciliaiions. Then the oscillations 
are registered hy a delicate receiver which in its turn steers the radar 
■waves. 

The practical construction of the atomic watch now simply consists in 
counting the nmlosular oscillation of the ammonia on a dial, for instance. 
In reality the problem is, of course, much more complicated, but the 
results obiaincd so far arc quite encouraging. 

The durmton of a molecular oscillation being absolutely invariable, 
all atomic w.ntches based on this oscillation will be .synchronized at all 
times. Thus the atomic chronometer will be the basic or standard time 
keeper by which all the other watches and clocks can be set. Similar to 
this we have already got the original or standard metre, by which all the 
other metric measures are controlled. Even the original standard metro 
has recently been chocked and re-defined on an atomic basis. 

Our daily lives and our traditional clocks and watches will hardly be 
influenced by the atomic vvatch- But in physical science it is important to 
have fouu.i a solid b.rsis for determining the second, the unit of time which 
figures in so many formulas. 

The conventional basis of our timing system is still the earth, though 
various objections have been made to the system. From the duration of 
the rotation of the earth around its axis we have deduced the second, our 
present unit of time. But we now know that the rotation of the earth is 
not perfectly regular, and that it is subject to change in the course of time. 
Therefore, in future we had baiter ask the atom, and not the earth, how 
long a second really is. 



HIGHER TECHNICAL EDUCATION IN BULGARIA 

r. GARGOV 

Bulgarian Information Bureau, Bulgaria 

Should you ask any Bulgarian engineer of the older generation 
where he received his education, he will undoubtedly answer : Germany, 
Czechoslovakia, France, etc . . . As a matter of fact, up to 20 years ago 
Bulgaria did not have a single higher technical school. The young 
Bulgarians who wished to become engineers were bound to go abroad. A 
great many of them fulfilled their ambitions at the price of privation, 
material difficulties and discomfort. It was not before 1942 that Bulgaria 
opened the first higher technical school whose only department (of civil 
engineering) enrolled 122 students. The following year saw the opening 
of a department of agriculture. 

Higher technical education, however, began to develop rapidly after 
Bulgaria’s liberation from fascist rule and imperialist dependence in 1944. 
Many new departments were opened and the material basis of the state 
polytechnic school was improved and extended. In 1953 the school was 
divided into four independent institutes, and a little later, several other 
higher technical schools were opened to meet the needs of the country. 
Today Bulgaria has seven specialised institutes for the training of engineers, 
five of which are in Sofia. They cover the following subjects : mechanics 
and elcctrotechnics, civil engineering, chemistry and technology, mining 
geology, forest engineering, mechanization and electrification of agriculture 
(in the the town of Rousse'), food and beverages (in Plovdiv). Nearly 
30,000 students are educated in them in 59 subjects, and 8,460 of them are 
studying by correspondence courses, being workers, employees and co¬ 
operative farmers. Extramural education is equivalent to the regular 
course. The Bulgarian technical schools are also educating boys and girls 
from 52 foreign countries, mainly from the newly liberated ones. 

In most subjects the course is II semesters and in some 9 or 10. On 
finishing it, the students receive a degree in the given field. Every year the 
Bulgarian higher technical schools produce 1,500 well-trained mechanical 
engineers, electrical engineers, civil engineers, architects, mining engineers, 
chemical engineers, and so on, who immediately join the different branches 
of the national economy and science. 

Hundreds of new works and factories owe their existence to the 


By courtesy of the Embassy of the People's Republic of Bulgaria 



SCHtMTll. SC-JF!Wt P, 


s;reawve e'tsin ttf Hu%iirian er\g}ncers and archUects and so do numerous 
indM»lrlail and h«>usjnfi!: complexes, ihe excellent Black Sea resorts of Golden 
Sands, Smmy Beach, dojiens ol‘ up-to-date hotels, dams and power plants 
Midimlnisttative hoitdings, nurseries, and so on. 

But the skill and ability of the Bulgarian designers and constructors 
are not known only in this country. They are highly appreciated abroad. 
Bulgarian archiiecis have won competitions for the reconstruction of 
Tutsis and the centre t»r Berlin, and for working out plans for a number of 
cities in Syria. Bulgarian engineer.^ have done a great deal of construction 
work in Iraq. Syria, Ghana and other newly liberated countries. 

These successes of the Bulgarian engineers and archicects are perfectly 
nalurat and logical, when it is borne in mind that as many as 2,00O 
professors and lecturers have taken care of their education. A.mong these 
are distinguished scholars and corresponding members of the Bulgarian 
Academy of Sciences, such us Professor Engineer Yakim Yakimov, Pro¬ 
fessor Engineer Angel Balevskt, Professor Architect Lyuben Tonev, Pro¬ 
fessor Engineer Oimo Velev, Professor Engineer Ivan Popov, and so on. 

Students are guaranteed good living conditions and everything else 
that is necessary for careful seienlific study and cultural life. In the first 
place, they do not pay any fees for accommodation and examinations. CIn 
Bulgaria education is free of charge). Nearly half the students receive state 
scholarships which satisfy their major material and cultural needs. Many 
students of the higher technical schools live in students’ hostels free Of 
charge, and receive nourishing, highly caloric and popularly priced food 
at the students’ canteens. They have numerous comfortable reading rooms, 
rich libraries as well as laboratories and studies equipped with modern 
machines and apparatuses. 

The accelerated economic development of the country in the last 
few years has set new tasks before the education of specialists in the 
different branches of the national economy. The number of students and 
specialities In the existing institutes Is to be increased every year and, parallel 
with this, the network of higher technical schools is to be further extended. 
Eor example, a new institute of mechanics and cleclrotechnics is to bo 
opened in Varna, including three departments : machine-building, electro-, 
technics and ship-building. A new institute of chemistry and techno¬ 
logy is to bo opened in the town of Bourgas which will train specialists for 
the chemical industry and oil processing. Early in the academic year of 
1964—65 an extramural general technical school is to be opened in the 
industrial town of Gabrovo with a three-years’ study course. This course 
will cover the general technical subjects, after which the students will conti¬ 
nue their education in the specialized technical schools. 

According to ttre long-range programme for the country’s development 
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in the next 20 years, by 1980, 55-60 per cent of the students enrolled 
in the higher educational institutions will be studying engineering. And the 
number of specialists with university and college education employed in the 
national economy will rise from 117,200 in 1960 to about 450,000 in 
1980, 150,000 of whom will be engineers. For Bulgaria, which has a 
population of eight million, this will constitute a vast army of highly compe¬ 
tent specialists who will pour their knowledge and energies in building our 
new life. 
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Scr/KNTISTS For/ SffOVI^Z) AT/VOHf^ 

OHARLEiS DARWIM fIKa5>-18«2) 

FebruBry 12, lHt>9 was. an eventful day for the history of mankind. 
On that day were born two persons who have left indelible marks on 
history and science. One was Abraham Lincoln in America and the other 
was CTharlcs Oarwin in Shrewsbury, England. While the former became 
great as the champion of freedom and liberty, the latter became famous by 
the book, he produced in 1 859, It was called TVic Orig,ln of Species by Means 
of Natural Selection through which Darwin put forward his ideas on the 
evolution of plants and animals from simple forms by a process of slow, 
and gradual change. Mo book published in the nineteenth century started a 
bigger controversy and protest than this one. The idea of evolution as 
propounded by Darwin was so revolutionary that even now there arc a few 
who feel it cannot be accepted. To any boy who has studied some biology, 
the word evolution brings up picturc.s of the ape and Darwin, the latter as 
the author of the idea that man is descended from ape-like creatures. 

Darwin at school was not considered brilliant by his teachers. He 
was slow in learning and showed greater interest in natural history, 
collection and shooting. He was quite a simple lad and humane. Ho 
would never collect more than one egg from a bird’s nest. He would 
collect anything t shells, pebbles, stamps, dead beetles and birds’ eggs. 

Darwin took great interest in the laboratory set up by his brother in 
their hou.se. He assisted his brother and read many works and considered 
this period to be his best in education. But finding the boy backward, 
Darwin’s father took hitn away from school and sent him to study medi¬ 
cine. Here Darwin found the lectures very dull. He was averse to direction 
and incapable of drawing well. He could not stand the sight of operation 
and once ran away from the operation theatre. 

Once again finding his son not taking Interest In his studies, 
Robert Dafwin, the father, proposed that Charles should become a 
clergyman. For this he had to take a degree, and so he went to Cambridge. 
Even here Darwin’s interest lay in shooting and collection. His passion 
for the latter was so great that his delight was boundless when he saw in 
Stephen’s JUustrations of British Insects the words, ‘Captured by C. 
Darwin, Esq.’ But on leaving Cambridge with an ordinary B. A. degree, 
he did not become a priest. 
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(1809-1882) 







CHARLES DARWIN 


303 


About this tims a brig, H. Af. S. Beagle, was about to sail round 
the world to make a survey of the lesser known coast-lines and waters, 
Kitz Roy, the captain, of this boat, wished to take an unpaid naturalist with 
him. Professor Henslow recommended Darwin’s name, much to the latter’s 
enthusiasm. But his father would not agree and later permitted him only on 
the intervention of Charles* uncle. So the Beagle sailed on December 27, 
1831, on its historic voyage, which was to make the ship and its captain 
famous. The voyage lasted for five years during which Darwin found a 
consummation of his favourite interest of collection and an opportunity to 
observe nature and the living creatures in it. 

Throughout the voyage and in spite of his sea-sickness, Darwin 
collected specimens, observed that the species of plants and animals changed 
as he went from one part of land to another, and that they yet possessed 
very remarkable similarities. He also studied the geology of the continents 
and islands he visited. He took voluminous notes and shipped home 
these as well as his collections periodically. HLs notes roused the interest 
of his friends back home among whom many were biologists. These made 
him quite a noted personality among the scientists. 

The Galapagos islands lying on the Equator, 500 miles West of 
Ecuador, was a paradise for his study and collections, but to most, tlio 
islands were not particularly a place for holiday. The Islands were a home 
of crabs, lizards and giant tortoises. The birds here showed great differences 
in structure from those on the mainland. The tortoises were a different 
species from those on the American mainland. So was the case with tho 
birds and plants. But they still had some resemblances to those of America. 
Charles reasoned that at a remote period the ancestors of these plants and 
animals had gone over from other places to these islands and they had 
gradually changed and branched out into a number of species. All this 
meant that species did change. This was quite contrary to the widely held 
belief at that time that each species had been specially created in the 
beginning by the Creator and that these species never changed. But 
Darwin kept this idea to himself even after the Beagle returned to England 
on October 2,1836. 

Soon after his return lie became afflicted with a strange illness and 
moved away from London. He worked hard on his notes and the 
further collections he made. He reached the conclusion that since 
variations existed in individual characteristics among members of any 
Species, selection of some individuals and elimination of others were the 
solution to organic change. The struggle for existence under changing 
conditions induced alteration in the structure of organisms. There was 
selection in nature—the survival of the fittest. Any species that got a 
slight advantage over other strains survived in the struggle for existence^ 
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The unBl were dimmated. He called this Natural Selection. For 20 years 
Oarwio delayed publkhing; Itis rchutts in tpitc of the goading of his friends, 
fill he reeetved a letter from one A. R- Wallace enclosing a paper written 
by him. Darwin got a jolt when he found that Wallace held the same 
view*! itbout siweies as hi« cwn. Wallace came to this conclusion indepen¬ 
dently of Darwin, while on a collecting trip in Indonesia. Generously, 
Darwin offered to withdraw in favour of Wallace. But his friends Lyell 
and Hooker arranged for a simultaneous delivery of the views of these two 
bc-forc the l.innaean Society- 

When The Origin of Species was published in November 1859, all the 
books were sold in a single day. The book that came out with such a 
tardiness turned out to tae one of the greatest hooks of all time. The theory 
— Darwinism—found easy acceptance among .scientists and most of the pub¬ 
lic, But it created a storm among the religious minded who could not brook 
any variance from the view that all animals and plants were created at the 
same lime by the Creator. Least of all could they countenance the pro¬ 
bability that man could have evolved from ape-like ancestors. The storm 
broke out at a large meeting at Oxford. Speaker after .speaker attacked 
Darwin who was incidcrtially ill and could not be present at the meeting. 
Huxley defended him .strongly. The greatest critic Wilberforce, the Bishop 
of Oxford, ridiculed the theory and asked Huxley whether he claimed 
dexcfont from an ape on his grandfather's or on his grandmother’s side. 
Huxley retorted by saying that he would rather have an ape as his ancestor 
than a man who instead of doing his duties, interfered in scientific matters 
about which he knew nothing. But within a decade every scientist believed 
In evolution and religion bad to be reconciled with it. 

Darwin’s theory was not quite new. Others before Darwin bad tried 
to explain the variations and the similarities between organisms. Darwin’s 
grandfather Erasmus Darwin, famous in his own way, believed in a sort of 
evolution.. Lamarck, born 65 years before Darwin, had held the same views. 
But Darwin looked at the problem in a scholarly way. With a mass of 
observations he proved that evolution was the pattern of life itself. 

Darwin died in 1882 and was buried in Westminster Abbey. 
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TEST YOUR KNOWEEDGE 

JVhy does a cut finger heal quickly ? 

Every day layers of dead skm are rubbed off and replaced by the 
layer underneath. Throughout life, the under layer of Ihe skin continually 
creates new cells. This is one of the reasons why a cut on the finger heals 
very quickly. 

What is a bathyscaphe 

Bathyscaphe is a depth ship, which makes it possible for scientists to 
descend to the ocean floor and explore it. 

What is the green colour on \^ars ? 

It is probably vegetation. The green areas on Mars are faint and 
delicate during the Nlartian spring, they grow much darker and in some 
cases almost a blue-green in the Martiai;i summer, yellow and brown in 
the fall, and a rather lifeless gray in the winter. The green regions are 
not probably grass or trees as they do not show the same sort of reflection 
of light that is produced by a plant with chlorophyll. The vegetation may 
be lichen which can grow on very little soil and under very dry conditions. 
Another theory holds that the green substance may be volcanic dust. The 
drifting and shifting of this dust in the light breezes that are all the rare 
atmosphere of Mars can produce, accounts for the colour change. 

Of y\>hat is synthetic diamond made ? 

Synthetic diamond is composed of carbon, as is the natural mineral. 
The source of carbon in many of the synthetic diamonds of industry is 
likely to be of organic origin, such as sugar. Sugar was used in earlier 
experiments in synthesizing diamond by Henri Moissan, Sir William 
Crooks and Sir Charles Parsons. 

What role does vitamin A. play in sight ? 

Vitamin A plays an important part in keeping the eye healthy. The 
malady, night-blindness, is due to the poor functioning of the peripheral 
areas of the retina. This can be cured by vitamin A. A number of 
chemical reactions go on in the eye, in which a red dye-like substance 
called visual purple renders the retina sensitive to light. This material is 
broken down by the light and must be synthesized again by taking 
vitamin A and other chemicals supplied by the blood. 





SC IKUt 1 


K A.dtei t>ei;c«.lnTi!; And Kans^ing « tUe IjrM name from which RADAR 
»s derived by takinit the letters in capitals from the diirercnl words. With 
the help of radar, man can look throuph fos and darkness. A ship’s 
captain Uterking at a radar will *.«!« Hflle spots of Itftht on a screen or scope 
while hiv osvri ship will he shown as a blob of light in the centre of the 
screen. The «»thcr spjrts indicate objects around the ships. 'Phe number 
and letters on the screen tell the captain how fur away these objects are. The 
radar give.s warntn® about other .ships or icebers-s. A pilot on a plane can. 
know where other plaites arc and he can locate landing fields even through 
clouds, fog and pitch dnrkncs.s. Radar on the ground can locate planes ih 
the air. 

Mt'fw r/tre.i rr rrjtJar %vorA ' 

A part of the radar transmits or sertds out radio waves. When the 
waves hit a solid object they bounce back. The returned waves are picked 
up by another pan of the radar which changes radio waves into light, and 
spots of light appear on the radar screen. 

Radio waves travel as fast as 18<>,OtK> miles per second, but a radar 
Is quick enough to measure the lime that waves take travelling out to an 
object and back again, and also reckon how far away the object is. A 
tight appears immediately on the screen showing the distance to the object 
and the direction in which it is located. 

Why does sthte slick t/t/nffs together ? 

Olue, like everything else, is made up of molecules. The molecules 
attract neighbouring molecules. A glue molecule attracts those of paper 
and wood. The attraction is stronger when the glue is dry. The molecules 
puTT hard on each other and on the materials meant for sticking and so 
make them stick tight. 

There are various kinds of glue. Some attract wood or paper. Others 
attract China or glass. One kind of glue is made from the hoof and 
horns of animals. Varieties of glue can also be made from rubber and 
milk. 

Ts a Jet engine the same as a rocket ? 

The jet and the rocket gather speed by the push that they get from 
the exhaust gases which are moving backwards with great velocities. 
Both need oxygen to burn their fuel. The jet gets its oxygen from the 
atmosphere. But the rocket goes far into space where there is little air. 
Therefore, it carries its own supply of oxygon. 
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Do you know ^ 

® The tufts on the giraffe’s head are actually rudimentary horns. 

® The giraffe relies on its keen sight to warn it of danger, and on 
its speed to remove itself from it. 

® The biggest tree in the world belongs to the genus Sequoia 
named after a famous American Indian. There are two kinds of 
Sequoia. S. gigantea (Big Tree) and S. semper Virens (Red Wood). 
The former is named ‘General Sherman’. It is 272 ft. high, 364 ft. in 
diameter at the base and nearly 115 ft. in circumference. Scientists 
believe that ‘General Sherman’ is already 4000 years old and may 
live for another 2000 years. At present these trees are found on 
the slopes of the Rocky hlountains in the United States. The 
Red Wood is even taller than the Big Tree, and is nearly 365 ft. 
high but is less in diameter at the base. They grow along the 
Pacific coast of the United States, north of San Franci.sco, and 
the biggest of them are over 2000 years old. 

• The bees have a strange language by which they communicate 
with other bees in the hive and tell them about a new source of 
food. This language is in the form of dance—the ‘round dance' 
and the ‘wagging dance’. K.arl Von Prisch, an Austrian zoologist 
was the first to describe this language of the bees and its meaning 

• The stomach in the cow is a large four-chambered organ. Food 
is eaten and swallowed. It passes down the oesophagus to the 
first chamber of the stomach. From time to time it is brought 
up and chewed—a process called ‘chewing the cud’. 

• The ostrich, a 300 lb. bird, is the fastest thing on two legs, 
capable of running fifty miles an hour. 

® Malaria is transmitted through the bite of a female mosquito. 
The male cannot suck blood because he lacks piercing mouth parts. 
In the female some of these parts are modified to form a pierc¬ 
ing and sucking tube. 

® It only takes 1.3 seconds for light reflected from the moon to 
reach the earth. 

• The human skin grows fastei than any other part of the body 
and never stops growing even though it gets no bigger once 
it has reached its full size. 
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TO WAtH-’ WAK (W AU.S'IRAI IAN I't.ANT Pfi.ST 

A« ladi«i(t tkcetic, S'i/up_ferha ttute.iuncitiJi, h i"? ba«n ikelecled to spear¬ 
head an iiita-cfe; in the coniinuous war Australian agricultural experts wage 
against vegfilaWe and insect, pests. 

The Director of the Bialngical Section of the Queensland Lands 
l>epartmeni (Mr. J, Mann) left Brisbane this week to spend four months 
in blew Delhi where he will collect 20.fXX> beetles for the 1964 campaign 
against Moogoora burr. XTemthitun chinstise, the detachable spiny fruits 
of which cause an annual wool loss of at least 50.000. 

Mr. Mann visited India in 1937 and etrilocted 15,000 of the beetles 
which wore used for (esw against diflerept destructive plants. 

Thews tests proved tto swcceasful against Noogoora burr under caged 
conditions that they will now be used for extensive field work in 1964. 

Hupjitrha antennata is a stem-horing beetle which destroys the burr 
or reduces it sufficiently to enable control nrethods to become effeclive. 

'rhe beetles will be imported from India ax larvae in the roots of 
Hoogoora burr and held under quarantine in the Queensland Lands De¬ 
partment's biological laboratories pending, their emergence in the summer 
of 1964, 

Their release in the field will be made following i>ermiss>on by the 
Federal Department of Health. 

Mr. Mann regards the project as a positive approach to tackling the 
over-present problem of Noogoora burr. 

The burr, which is indigenous to North America, is supposed to have 
been introd.ucod into Australia with cotton seed. Since 1860, it has occu¬ 
pied sheep country from Sydney to the Oulf of Carpentaria in the north of 
Queensland, ft is poisonous in the seedling stage and has caused mortality 
among sheep, cattle and pigs, but the nature of the toxin is not yet 
understood. 

The mature growth tangles In the wool and depreciates the value of 
the clip. 

ny courtesy, Australian Itislt Comraisaton, New Doltil. 

WORLO NHBO FOR PROTBIM MAV BH MET THROUaHt THE 
HARVEST OP PLINOUS 

The annual protein requirements of 1,400 persons could be met by 
the harvest of fungus from one SO.OOO-galton (190,000 litres) culture tank. 
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according to an Ohio State University mycologist who has developed a 
system of protein synthesis by fungi. 

Dr. William D. Gray, Professor of Botany and Plant Pathology, re¬ 
ports that a yield of fungal tissue high in protein content coiild be harvested 
from the tank every 48 hours. 

The harvested tissue would, have the appearance of cooked tapioca or 
caviar and would be virtually odourless and tasteless. It could be dried 
and ground to a flour or formed into flakes or pellets. It is not being pro¬ 
posed for direct human consumption at this time, but may prove useful as 
a source of protein for feeding livestock. 

Dr. Gray, who views the world’s food shortage as primarily a protein 
shortage, has been experimenting for the past three years with the synthesis 
of protein through the use of Pungi Imperfecti, a class made up of 
thousands of species of fungi. 

In its simplest form, the small scale laboratory system' devised by Dr. 
Gray, converts carbohydrate, which is in great excess in the world, and in¬ 
organic nitrogen into approximately one-sixth their weight of protein. Since 
a total synthesis of protein is involved, any protein so formed represents a 
net gain, he explains. 

By courtesy. United States Information Service, New Delhi. 

BRAIN SIQNAUS TRANSMITTED VIA TBLSTAR 

A solar radio system network making immediate medical advice avail¬ 
able in the world merely by dialling a telephone number is i forecast by 
British scientists. 

History was made at the week-end when brain signals were trans¬ 
mitted across the Atlantic by way of the Telstar communications satellite. 

Signals transmitted over Telstar by Dr. W^. Grey Walter, of the Burden 
Neurological Institute at Bristol (England), were received by Dr. Reginald 
Bickford* of the Mayo Clinic, Minnesota (USA). These were of a patient’s 
brain reactions to clicks and flashes of light transformed into telephone 
signals. The signals were then transmitted via Telstar to the United States, 
where they were i analysed in a few seconds and the results sent back to 
Bristol almost* immediately for comparison; 

Dr. Grey Walter said : ‘If we can rely on this type of link, it means 
that application of very sophisticated and. often expensive techniques 
(computation and analysis) will be possible from research centres anywhere 
in the world. 

‘We hope that in the future there will be a worldwide network of 
such computer services available simply by dialling a telephone number.’ 

By Courtesy, British InformaftOQ Services, New Delhi. 
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/\ nefilKGtecl branch nf scientific exploration but a few years ago, 
ocestfiogtrjtphy in C*ana<la is now one of the newest, most exciting and vital 
fietds of tliscovery With the longest national coastline in the world, boutvd- 
etl by throe ijccans and myriads of islands, large and small, Canada has a 
natural urgent interest in oceanography the scientific study of the mysteri- 
ou* SCSI and aft its wonderful ways On the Atlantic coast near Halifax, 
Novti Scotia, has been built the Bedford Institute of Oceanography 
which with a staff of nearly 300 scientists and its own ocean fleet has 
embarked on a five-year programme laid down by the Canadian Committee 
on Oceanography, representing the federal agencies and interested 
universities 

pood potential, mineral wealth, effects on man’s environment, pro¬ 
bable uses for the future -these arc the reasons why scientists arc now 
looking deep beneath the rolling waves and heaving swells of ocean waters, 
probing through ice-covered waters in. polar regions. Studying samples of 
water, marine life, seabed rocks and silt, physical changes, tempera¬ 
ture, chemical characteristics - this is how scientists are gaining their 
knowledge. 

The scientists include physicists, biologists, hydrographers, geologists, 
meteorologists, chemist.s and tcclmicians. They will range Canada’s blue, 
green and frozen white oceans, study their physioai-chemical properties, 
investigate the life they contain, the riches they hide. They will delve 
into the depths, scrutinize the ocean bed, observe the mechanics of water 
masses, study effects on the atmosphere, then, in the laboratories of the 
new Bedford Institute of Oceanography, study in detail the samples and 
information they collect, unravel the secrets of the last unknown frontier 
left on planet Barth. They will probe the sea’s commercial use, defensive 
strength, far-reaching effects of mankind, provide Canada’.s scientific con¬ 
tribution to international studies of the world’s seven seas and generally 
cover the spectrum of the science of oceanography. 

The hydrographic service is a Marine Sciences Branch of the Depart¬ 
ment of Mines and Technical Survey, with a fleet of nine ships, 65 launches, 
a stock of 800 different charts and 14 volumes of sailing directions and 
other special publications. 

The Director of the Bedford Institute is 46-year old. Dr. W. N. 
Bnglish, an authority on marine physics, and the head of the new branch 
is Dr. Wiilian Cameron, an international authority on oceanography and 
former chief of the oceanographic research division. 

Oomplled from ihe literaiure kindly supplied "by the Ca.nadian Hitjh Oommisaion* 

New l^elbl. 
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NEW METHOD PUTS 'WA.TER. WHERE MOST NEEDED TO ROOST CROPS 


Scientists of the TJnited Slates Department of Agriculture are grow¬ 
ing plentiful crops with scant rainfall in a soil and climate where previously 
this had been impossible without irrigation. This has occurred in 
south central North Dakota, an area of the north central Great Plains 
where agriculture has been limited largely to grazing and irrigated crops- 
Substantial crops of corn (maize) and other crops requiring moisture 
volume not usually available here were raised on test plots with available 
rainfall by diverting assailable moisture to the plant itself 

The research specialists covered ridges of soil between corn (maize) 
rows with strips of plastic film. This covering caused what moisture fell to 
roll down the ridges into the corn rows, concentrating enough water on. 
the crop plants to allow good growth. 

Materials such as the plastic film used are too costly now for farmers. 
So the next step is to devise a covering cheap enough to make the opera¬ 
tion feasible and as efficient as the plastic in controlling moisture. 

A 50-bushel per acre yield was secured in the tests. The area where 
the tests were made is nearly as far north as corn can be grown for grain 
in the United States. 

Crop yields always have been erratic in this Great Plains area be¬ 
cause rainfall is often inadequate or it fails to come when growing plants need 
it most. The scientists therefore sought ways to conserve what limited 
rainfall occurred both through restricting evaporation and increasing 
the infiltration of available water into the soil where it was most 
needed. 

The test plots used were so cultivated that soil ridges three inches 
high paralleled the corn rows. Ninety per cent of the ridged area was 
covered with black polyethylene plastic film. Corn was planted in the 
uncovered ten per cent between the plastic strip-covered ridges. Film¬ 
strips were 38 inches wide, and rows were 42 inches apart. 

As the result of the soil and plastic strip arrangement, rainfall and 
even dew largely drained off the covered ridges and was concentrated in 
the ten per cent of the soil that was bare. 'When a quarter-inch rain fell, 
the uncovered furrows containing the row of corn plants received the 
equivalent of a 2.5-inch rain. 

The researchers declared that the better production on the covered- 
ridge plots resulted from (O more efficient use of light rains, (2) better use of 
increased soil moisture in the com rows, and (3) higher soil temperature, 
which stimulated germination and seedling growth. 

By courtesy, Uoited States Information Se^^•ice, New Dejhi. 
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l*»e Utttterf S*aje>i. embarketJ laiil week on the. most exacting experi- 
mauM. in isrerfftlon coniro! of a satellite ever attempted with the launching 
ftXfBlt C'ainivcra! of SvNCoM 11, 

The cyi!ndcir-.Khaped space vehicle was sent skyward with a Oelta 
rensket which has now rmn® wp its Ihth stmighi successful launching. 

Scientist** of the U. S. hiaiional Aenmauiics and Space Administra¬ 
tion satd the mission appeared ’completely normal’. The satellite is to be 
the first space communications link between Africa and the United States. 

But before this can occur. Svncom must complete a series of highly 
intricate and vjnprccedented manoeuvers within the next several days. 

Xhc plan calls for positionirg Svrst'oM above the Atlantic Ocean near 
South Amettea in such a way that the satellite will appear to remain there 
almost continuously in contrast to prior communication satellites which 
were only servicenbie for this purpose while they were orbiting nearby. 

The Oelta rocket boosted Sync'om into an egg-shaped, ’elliptical’ 
orbit at an altitude of about 140 mites (224 kilometers) above the earth. 
Sut at it* highest point, this orbit reached an altitude of 22,548 miles 
f3fi.077 kilometers) 

SvNtTOM needed 3 hours 33 minutes to reach that altitude.. Then 
a small motor on the satellite fired in order to put it into a circular orbit 
and maintain a constant alUiudo. 

The next manocuver is for the craft’s own control system of nitrogen 
and hydrogen peroxide jets—anew approach to spacecraft altitude con¬ 
trol—to move the spacecraft gradully over a period of several days to its 
permanent location over the Atlantic near South America. The jets will 
also bo used to turn the craft so that its antennae will point in the most 
favourable direction for the trans-AiIanlic communication. 

During preliminary tests, the glittering spacecraft demonstrated its 
capabilities by receiving and beaming back to earth a recording of music, 
plus a voice tape and a teletype message. The satellite can also transmit 
telephone calls, but not television. 

This experiment was carried on from aboard the ll,000-ton United 
States satellite communications ship K-ingsport, anchored in Lagos Har¬ 
bour through the cooperation of the Government of the Pederation of 
ISlgeria. The Kingsport is expected to use the satellite after its proper posi¬ 
tioning to exchange messages with a ground station at Lakehursh 
Jersey. 

Because Syncom orbit almost coincides with the rotation of the 
earth, the satellite is said to be ‘near synchronous* space vehicle. 

The earth at the equator rotates on its axis at 1,040 miles (1,664 
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Icilometers) an hour. Syncom, because of its high altitude, must race 
faster —6,878 miles (11,000 kilometers) an hour—like the runner on an 
outside track, to keep pace and remain over one global location. 

Syncom will not be ‘anchored’ exactly over one point. It will 
move 30 degree north and south of the equator* but only very Utile east 
or west. As a result, its course, if it were visible from eaiih, would resem¬ 
ble an elongated figure ‘8*. 


By courtesy, Llnitcd States Information Service, New Delhi. 



NEWS AND NOTES 


Ttir. cicsMWMiio w>oK e.jtHiBirto'M of scniBNCE books 

An exhiWJton of scienoe hooks was held for five days from July 27 to 
3!. l<Jej6. io the All India Fine Arts and Crafts Soeiciy Hall, Rafl Marg, 
Hew Oethi. The purpose of the cjthibiiJon was to bring to the notice of 
fttudenls of schools and colleges, teachers of science, scientists and interested 
public, a large number of recent publications on scientific topics. Over 
800 books were displayed covering a wide spectrum of the field of science, 
ranging from astronomy and archaeology to palaeontology, space flight 
and missiles. Xhc collection presented not only texts and reference books 
but also books that provide reading for pleasure, books that stimulate in 
young minds an interest in learning the why and how of science. Thus 
the treaintint catered to the interest of children. laymen and the scientist. 

The Combined Book Hxhibiiions are held annually in the United 
States, in a number of academic fields at differcni educational levels. The 
present cailection, which formed the Cvnnbined Book Exhibition of 1962 
was presented to the National Council of Educational Research and 
Training, by the Asia Foundation to serve as reference material and to bo 
housed in the Department of Science Education. Eighty two leading 
publishers have contributed to this collection. 

The exhibition vras inaugurated by Shri P, N. ICirpal, Secretary. 
Ministry of Education and Director of the National Council of Educational 
Research and Training, on July 27, 1963. before a large gathering. The 
exhibition was very popular with school children who came in several 
batches. Several members of the public also evinced keen interest 
and some came a second and a third time also. The exhibition was 
moved from August 2 to 5, 1963. to the Delhi Polytechnic for the 
benefit of schools and the public of Old Delhi. The books are being taken 
round to different cities in the country for display to groups of teachers, 
educational workers and others interested in science education for young 
people. From August 22 to 26, 1963 the exhibition was held at the 
Constructive Training College, Lucknow, where it was declared open by 
Acharya Jugal Kishore, Minister of Education, Uttar Pradesh, The 
books were sent to Ahmedabad for the same purpose in the first week 
of September. 

About 750 of the books are very attractively got up and well-bound. 
The rest of them are ‘paper backs* which arc naturally cheaper but which 
nonetheless retain all the good features of the bound books. A biblio- 
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SrarTiy of these books has been published which will be a useful reference 
for the interested, in either selecting some books for their own collections 
and libraries or in consulting these books in a library. 

SCIETSICE TALENT SEARCH, 1963 

A pilot Study of Science Talent Search was conducted in the Territory 
of Delhi during the year 1962-63. Higher secondary and senior Cambridge 
students from 87 institutions paiticipated in the tests that were held on 
April 30, 1963. In all 371 students appeared in the tests and 80 students in 
the order of merit selected on the basis of the marks secured in the 
Science Aptitute Test and Essay Paper were called for interview conducted 
by a committee of experts. Dr. D- S. Kothari, Chairman, University 
Grants Commission, acted as the Chairman of the Interview Committee 
and the interviews wcie held at the office of the University Grams Com¬ 
mission on July 11 and 12, 1963. Sixty candidates appeared for the 
interview and out of these the ten top students were selected for aw'ard of 
scholarship and certificate of merit and another seven for the awaid of 
certificate of merit only. Two conditions had to be fulfilled for the 
award of scholarships : 

1. The student must be admitted to a College or University for 
pursuing higher studies leading to a degiee in basic sciences. 

2. He must not receive any other scholarship of any dencminaiion. 

The amount of the scholarships will be Rs. 50/- p. m. for one year 
(commencing from July, 1963), and Rs. 75/- p. m. for the next two 
years. In addition to the scholarships, the above candidates will also be 
eligible to receive a certificate of merit. 

It is intended to follow-up the career of the awardees of scholarships 
as well as of those who have received certificates of meiit. Alongside, it is 
proposed to hold a workshop in the first week of October 1963, where 
the talented students will be brought in contact with eminent professors 
of India to work out iheir research plans. 

The scheme is proposed to be extended to other states and territories of 
India in the subsequent years. 

The statement below gives the names of those who were declared 
eligible for the scholarships and the certificates of merit, the schools in 
which they studied, and the colleges they have since joined. 
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AV/itui/ 

Collcf^e 

I. 

I,. S.-sraoitan 

M. E. A. H, S. School, 
Lotli Esiatc, 

New Delhi. 

Hansraj College, 

IDeShi. 

Z. 

R. K-. Agsarwal 

Harcourt Htiilcr 

H. S. School. 

New Delhi. 

College of Engineering, 
Hull?' K-has, 

New Delhi. 

3. 

Ranwal Nath 

St. Columbas High 
School, New Dcilii, 

St. Stephen's College, 
Delhi, 

4. 

Amit Roy 

Union Academy H. S. 
School. Raja Barar. 
New Delhi. 

Hindu College, DelhL 

S. 

Gccla Trlvcdi 

Dndy Irwin H. S. 
School, New Delhi. 

Hindu College, Delhi. 

6. 

Prabha Bapat 

Queen Mary School, 

Tis Hajari. Delhi. 

Ferguson College, 
Poona. 

7. 

Parthasaratliy 

Bhattachnrya 

Raisina Bengali 

H. S. School, 

New Delhi. 

St, Stephen’s College, 
Delhi. 

8. 

R. IC. Raman 

M. E. A, H. S. School, 
Lodi Esinio, 

New Delhi, 

Ramjas College, 

Delhi (casuaij. 

9. 

R. K-cLshnan 

»• 

Oovt. Polytechnic, 
Delhi. 

lO. 

1C. Sampath 

• • 

St. Stephen’s College, 


Delhi. 

Xhc following will receive certificates of merit : 

1. Amitava Sen St. Columbas High College of Engineering, 

School, New Delhi. "Hauz IChas, New Delhi. 

2. Prodlpta Ohosh Delhi Public School, 

New Delhi. ,, 

3. Anil Kashyap ,, ,, 

4. Arun K.umar Ramjas H. S. School, „ 

Sanwalka No. S, New Delhi. 

5. Sunil Sethi Delhi Public School, „ 

New Delhi. 

6. Suman Sain Lady Irwin H. S. School, Hindu College, 

New Delhi. Delhi. 

Ramjas H. S. School, College of Engineering, 

No. 5, Ramjas Road, Hauz IChas, 

New Delhi. New Delhi. 


7. Sudhir ICumar 
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Science : A Search far Evidence. A. Unified Program in Science. 
BERhJARio, J. E>. et al^ Tire Macmillan Science-dfe Scries. Macmillan 
Company, New York : 1960. S 4.36, pp. ix-t-423. 

This is one of three volumes which constitute the Macmillan Science- 
Life -Series. The contents of this volume are divided into 11 units such as : 
1. Evidence ; 2. Eorecasting the weather ; 3. Heredity ; 4. Growth and 

learning ; 5. Sound, light and electrical energy ; 6, Energy and motion ; 

7. Understanding the universe ; 8. Minerals of the earth ; 9. Plant life ; 

lO. A healthy body ; II. Fighting against disease. 

Each unit is introduced as problem-posing questions and these 
are answered in well-illustrated simple accounts. These include some 
simple experiments and end with suggested activities. After the problems 
follow Unit Review and You can go Further., where questions are 
framed and suggestions given for further investigation, reports and 
readings. 


Science: A Way to Solve Problems. A Unified Program in Science, 
Bernard, J. D. et al. The Macmillan Science-Life Series- Macmillan 
Company, New York : 1960. S 4.52. pp. ix-(-422. 

This is the second in the series. The matter is dealt with in the form 
of ten units. These are : 1. How scientists solve problems; 2. The 

world’s food supply; 3. Energy ; 4. New products from chemistry; 5. Heat, 
light and materials for building ; 6. Workings of the human body ; 

7. How scientists predict behaviour ; 8. Soil and water ; 9. Aviation ; 

10. Navigation. 

Under each unit there are several problems stated in the form of 
questions and answers. The latter are full of facts and explanations and 
are well illustrated. At the end, there are a few suggested activities. The 
unit closes with a Unit. Review and You can go Further. 

Many principles and phenomena of several sciences arc covered in 
this programme and the book is a good resource rnaterial to teachers. 
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SScte»c« I A lC«y f*» the ftitwre* A Unified Prtigram in Science. Bernard, 
J. ty. <ti .<m/. The Mac<nil>ar» Scienc-r-l-ifer Scries. MacttiiHan Company 
View ytiarkt J9«;2 « 5 52 ; vp. vii*f fU2. ■' 

This is live third volume of the *«riev and St is a total programma in 
■♦cfetiee. It IS S»a«.cd in jpart e»n T/re jV<»»e Ifatfc Sc/ant-e <ir>S6} by the sama' 
ipubtiihcrs. The sub>ect. matter is in the form of lO units each with a 
numtwr of problems or topics. The units are ; 1. Science and the future 

2, Matter ami energy ; 3, Power to do the world's work ; 4. Radiant 

energy ; S. lilectricity and heat : D. The universe ; T, Weather and 
climnte ; 8. Living things; 9. Homan beings ; It>, Frontiers of earth, 

•ea and space. Each problem under a unit describes the principles, applied 
aspects, if any, simple dcvcripiioo of m.tchines or processes or pheno¬ 
mena. There are some activities suggested under many of these. Each 
unit or problem Is welt itiustroled and some units have further references 
at the end. There is a list of demonstrations and experimetus, a glossary 
and an index. 

Every unit includes the latest advance under the subject, particularly, 
the last one about the froniicrs of space and how they are being explored. 
The book, will be very useful for the teaching of science in high and 
ttigber (.econdary schools. 


This fs Ttfc 1 Essays In Mndam Biology. John.son. WiLi.ts H. and Stbbrb, 
Wii-LiASt C. (BOs-J. Molt, Rinehart and Winston. New York: 1962. S 3.95. 

The knowledge in ndv-nneed fialds of biology is increasing rapidly 
and it is not possible to find within a single te.xt many aspects of modern 
biology treated to the satisfaction of the interested biology student. This 
ts JLf/h is a book which contains a scries of chapters dealing with particular 
aspects of modern biology having great current interest and importance, 
and written by persons active in that area. The first chapter is on Thoio~ 
synthesis, a process whereby energy Is stored, and the second is on iSnergy 
Meiease and Utilisation. Both these processes involve special structures 
and the third chapter is a study of these iiltrastructures and functions. 
This includes the very important contribution to modern biology from the 
field of electron-microscopy. The next chapter considers Nutrition of 
Proilsts, the unicellular plants and animals. 

Chapters 5, 6 and 7 deal with genetics where the most notable 
advances have been made in the century and which is still an active field 
today. The viruses and bacteria are dealt with in two of these, and the 
seventh chapter is on The Genetic Material and the Concept of the Genes, 
The next three chapters deal with Plant Growth and Plant NonnoneSr 
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Plant MorphogGnesiSy and Anunal Morphogenesis. The last chapter but one 
is on the Pole of Hybridization in Evolution and. the last is on The Origin of 
Eife. 

Dastgnsd primarly as collateral reading for college students in general 
biology, it would also be useful to students of a beginner course in botany 
and zoology, to advanced students as well as to those in other fields of 
science who want up-to-date information. 

Plant Biology Today : Advances and Challenges. Jensom, William A. and 
K.AVALJIAN, Leroy O. Ceds.) Wadsworth Publishing Company Inc. 
Belmont, California : 1963. pp, xi-fll4. 

It is very important to all biologists, whether they are advanced high 
school students, undergraduates, graduates or teachers, to keep .abreast of 
the most recent developments in botanical research and thinking so that they 
may be up to dale in their facts and concepts. Today the advances in all 
branches of plant sciences are rapid and one is not able to lay one’s hands 
on all the journals in which they appear. The collection of papers in this 
book. Plant Biology Todayy presented at a symposium held by the American 
Association for the Advancement of Science, deals with current topics and 
concepts in the field of biology. The knowledge gleaned in these papers 
will take the reader a step ahead of where he was. The papers deal with 
five topics : (O Molecular botany; (2) The problem of cell development in 
plants ; C3) Photosynthesis ; (4) Biological clocks ; and (5> The movement 
of dissolved substances within plants, all of which are currently under 
intensive investigation. The authors of these papers have by their own 
investigaiions, added new facts to the areas they discuss. 

^Molecular botany, described by James Bonner, is a new exciting field 
and it is concerned with where enzyme molecules come from, what genes 
are, and how genes do their work. William A. Jensen deals with the factors 
that control the development'of plant cells in the second paper. In the field 
of photosynthesis, the subject of the third paper, Bogorod makes it clear 
that our understanding is not yet complete. Beatrice Sweeney discusses the 
time-keeping mechanism in plants and animals. Finally Frank, Salisbury pre¬ 
sents a field where progress is slow. This is the problem of translocation in 
plants which has interested biologists for centuries and about which much 
has been discovered but the complete answer is yet beyond our reach. 

This group of articles reflects the growth and development of modem 
botany. 

General Biology. Johnson, Willis H., Landekgayer, Richard A. and 
Delanney, Louis E. Holt, Rinehart and Winston, New York : revised 
edition. 1961- S 7. 95. pp. xiv-l-655. 

The developments in the several fields of biology in recent years are 
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Sitch shat ftcw «tr*'.l h-e-.-eeI s ..!i'iitna <;«f tfld tc*'KSa and new books became 4 
ewfcc^'i.siy. The -J s--. arc n-sriicuiarly wide in fields of molecular 

'binltnrv .4-’..t E-lactron-SflicrtfsJCOfEy, Tlic sjcond editian, of Clcnpi-cit Biology 
, sssEtisrrmsi in the 'fosloo:^ cjcalittn wtih ( I f t*hotosymhcsis. (2) Muscle 
t’If 'Nanstt- the jicneitc nmierkil and eene aclion, (4) Popu- 
istr'sicil'.tr-*. ami s^) The nripin of lEfe. Two new chapters have 
Uveert ad.ij'ii ; a chapter t>n vertebrate classilicalion and phylogeny, and a 
i^sipter curt c«il funeiipn and ulirMvtructure- The aim in the latter chapter 
is to aAs»>ciatc the processes of cellular rcspiraiion with mitochondria on 
the one hand, and some of the ris^pecta of protein synthesis with ribosomes 
an the other. Art introductory coorfso in biology should Include basic 
facts a«nS principles of biology. These arc stated clearly and concisely in 
this IWKtk for students nt the coliegc level and for advanced students in high 
or higher secondary schools. 

The concept of organic evolution is a primary integrating principle 
throughout the text. Emphasis is placed on the cellular nature of the types, 
nutrition arid general metabolism, reproduction and response mechanisms. 

S. PORAlSWAMr 

The World of fhystes. litrisrn A. (ttj.> McOraw Hill Book Co., Ino. 

Hew York : 1960. pp. xii I 2r6. 

It is wet! known that science in genera! and physics in particular haVo 
made tremendous progress In the Iasi few ccnturtc.s, so much so that it is 
becoming increasingly diflicuit for a genuine student of science to keep , 
pace with it and Us progress. The sciences in school and colleges have 
not succeeded in meeting this challenge. 

There are several ways to tackle this problem. One method is to 
prepare a wcil selected group of readings on special topics indicating the 
growth and development of ideas in physics. This haa been attempted 
admirably in this book. The topics are : falting bodies, rise of science, 
conservation of energy, entropy, superfluids, special relativity, the discovery 
of radium, cyclotron, atomic energy, quantum physics, elementary panicles, 
cosmic radiation, fusion power and space explocaiioo. These essays ate 
written by such illustrious scientists as Ojilileo, Binsiein, Maxwell, Barnett, 
Ourio and others as well as by some org.anisKitions such as British Jnfor- , 
malion Services and Rand Corporation of H. S. A. 

-Geology and Earth Science : Source Book- Ami-rican GEOLOcrcAi, 
Institute, Holt, Rinehart and Winston, Inc., New York ; 1962. 
pp. xv-i-496. 

The American Geological Institute has prepared an excellent source 
book on geology and earth sciences for elementary and secondary schools 
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of thLe A^merican continent. It deals with minerals, rocks, volcanoes, meta- 
morphism, earthcitiakes, structural geology, atmospheric science, weather¬ 
ing, water, glaciers, astronomy, origin of the earth, palaeontology, 
stratigraphy, sedimentation, field trips, topographic maps, geological maps 
and geological topics for biology, chemistry and physics courses. 

Each topic is organized under the following heads : introduction, 
presentation, facts and ideas, methods and activities, suggested problems 
and questions, unsolved geological problems ; demonstrations, projects and 
experiments ; leaching aids ; references for teachers as well as pupils 

Though the source hook is based on the geology of the American 
continent, it can be of immense value to teachers and students of geology 
and earth sciences in India as well. 

V. N. wamchoo 

The New IVIathematics. Adler, Irwino. Oennis Oobsoh, London : 

1959. pp- 184. 

This book is addressed to the average reader who is curious about 
the new developments in mathematics. Although the ideas are advanced, 
the presentation is simple. Anyone who has had high school algebra 
and geometry will be able to understand and enjoy this book. The central 
theme around which the book is organized is the expansion of the number 
system from natural numbers to complex numbers. 

A IVIathcmatician Explains. Logsdon, IVIaymb I. The University of Chicago 

Press, Chicago : pp. 189. 

By a perusal of this book a student or interested layman would learn 
what is mathematics, its development and relation to everyday life, and to 
physical, biological and social sciences. This book is divided into eight 
chapters : (1) Nature of mathematics ; (2) Arithmetic ; (3) Algebra ; (.4) 

Geometry and trigonometry ; Analytical geometry ; (6) DifiFerential 

calculus ; (7) Integral calculus ; and (8) Mathematical interpretation of 

geometrical and physical phenomena ; and (a) Mathematics and life. 

This is an eye-opener for the adult who knows no mathematics beyond 
elementary algebra and geometry but who has a healthy curiosity concern¬ 
ing the science the development of which has made possible the age of the 
machine. 

Principles of IVIathematics. Allendobrfer, C- B. aqd Oakley, C. O. 

McGraw Hill Book Co. Inc., New York ; 195;S, pp- 448. 

^ All other branches of science manage to incorporate modern know¬ 

ledge into their elementary courses, but mathematicians hesitate to teach 
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their etementan.* -istudsnss anyshina more modern titan the work orDescar- 
te*i and E-uler. The author of this book rightly believes that some oF the 
content and much of the spirit of modern mathematics can be incorporated 
in GOOKcs given to undergraduate students. This book is designed to do 
just that. It is written with the conviction that large parts of the pre- 
vailinit ctirricttla in Tnathcmmics at various Icvehs are ob.solete and it is 
high time that our courses took due advantage of the remarkable advances 
that have been made during the last century. 

The first four chapters are an introduction to abstract mathematical 
thinking. Chapter 5 begins with an elementary treatment of sets, and then 
discusses Boolean Algebra and its application to the theory of electric 
circuits. Chapters to 10 include what the authors believe to be useful 
and important in the usual courses in college algebra, trigonometry, and 
analytical geometry. These chapters are not just a condensation of the 
usual materials but amount to a serious recasting of the basic ideas. The 
last three chapters deal, within limits, with calculus, statistics and probabi¬ 
lity. An unusual feature of the book is the set of references at the end of 
the chapters. 

Mathematics: Queen and Servant of Science, Bell, E. T., G. Bell & 
Sons Ltd., London : 1952. pp. 437. 

The author of this book has very successfully tried to suggest that 
mathematics is vigorously alive and still growing and that it is indispens¬ 
able for an understanding of some .sciences and technologies. He has 
presented a fascinating account of the various developments in mathe- 
madcs that liave taken place during the last hundred years. The topics 
dealt with include groups, rings, fields, matrices, theory of numbers, cal¬ 
culus and probability. The book makes a delightful reading. It undoubted¬ 
ly ranks among the outstanding books on general mathematics. 


M. K. SINGHAL 



Observatories of Maharaja Sawai Jaisingh 


M. F. Soonawala 
l:>cpm fmcnt of Phyncs, Unirintsily of Jaipur, Jaijnu 


EAR-LY eig;hLeciilli t eiitui y saw tJic begin- 
niiag of the end of rnlc in, India 

and tire eincigcn.ee of othci poweiful 
political Ibices, '^Flie eountiy was plunged 
into a state of political turmoil and inter¬ 
necine strife It w'as in thi.s complex of 
events that the lot of Maharaja Jaisingh 
\s'as cast fioin a o. 1699 when he took, 
ovci as j ulci of Amlici at the age of 
thuLcen to the tintc ot his death in. 1743. 
I-Tc w’as an important liguic in the corn t 
at 17clhi, and upheld his authority and 
impioved his position by eonsiunmate 
diplomacy till he left his kingdom at the 
time of his death scvcial times bigger 
tlian he found it at the licginning oi his 
ivilc. I-lis many engagements took him 
to distant parts of the land and there he 
made the acquaintance'ol men of learning 
whose company and talent he much 
appieeiated From Ccii ly boyhood, he 
had acquired a passion for astiology, and 
he had a lii'm faith in the guiding influence 
of the stais on human destiny He was 
a good student of contcmiDoraty astro¬ 
nomy, especially, as expounded iii the 
Sujjytz Siddhanta, a woi. k held in veneration 
as the source ol all astronomical know¬ 
ledge riowcvei, a lurking suspicion, 
developed 111 Maharaja Jaisingh’s mind 
about the correctness of the planetary 
positions as icckoncd fiom the foimulac 
of the Siirjya Szddhaiita, and he decided to 
test this experimentally. I-Ie felt that 
astrological conclusions derived from 
wrong planetary data would be worthless. 

At a lime when, travel was difllcult an,d 


the means of the dissemination of know¬ 
ledge were scanty, the Mahai aja’s 
Understandable desire to know eveiything 
about the astronomical knowledge m the 
world could only be fiilfiUed by his sending 
his personal emissaries to Euiope and 
Eastern and Central Asia to collect infoi- 
mation He also invited learned men 
hum these countries to his court wheie 
he had already collected a galaxy of 
Indian talent—learned men even fiom 
distant places like Gujarat, IVIahaiashtra 
and Bengal Some of them were learned 
in foicign languages like Persian, Arabic 
and Eatin, and had translated foreign, 
books into Sanskrit. Such compaiativc 
study convinced Jaisingh of the necessity 
of erecting an. observatory to measuic 
the positions of the heavenly bodies 
With this end in view he elected the Hist 
observatory at Oelhi about the ycai 1723. 
At the time he was also busy with the 
ambitious project of a new capital which 
was completed and occupied m 172B, 
and which is the city of Jaipur as we 
know it today. Another obseivatory 
was built here about the year 1734, 

A frame of refeience is iiccessaiy befoie 
the position of an object can be defined 
W^c are familiar with an important fi ame 
of reference, namely, the system of longi¬ 
tudes and latitudes on the surface o.f the 
earth (Fig 1) R is a reference point on 
the equator. P is the point whose posi¬ 
tion is required. SPM! is a ciicle of 
latitude parallel to the eciuator and 
passing through P, NPS is the laige circle 



, “iir f* \\»’ 

' i 1*1 ' ■ ’a 1 "t 1^ a ^' f 11 -i . ) 1, 1 S '«1 , ' » : n f 

'.•i, ■) M.-. th> -i-wr Uf K 

n . > ■ '1 ,' <1. |“ '■3» J • , , W .-f! i .»• 5 * » - f l«r 

H 



ft!*!*' N PS ifiioiu'li t'»‘’ f.H H*. flif' 

m| 1.\u«II* le-. \N <■ li.iNf •itnil.ki li.itiH". 
(»!' irfr'iniir in ih»' In-juj-'i ►!»<i »* "| iln* 

h*MiV«*ns 'ilms i' 


.i/frfu/•■• .{‘juittlh 

'I'hr pi.in** nn \vKi'h %vf* 

si.ind rxifinl*' U» Mu’ Imii/tm, vvliilr 
vi’i ii‘ ♦i\<-ihr.ul i'v llw In 

l-i^, 'J, IK)R is ilu’ Ii'iti/'ctTi, y. Ui<* /'riiiiJi, 
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ivncl K a T C'f**! puiut in the Iioii^oix^ 

\isvially the north. 'J’h<* positUni of a ]>oint 
P in tlici Ivcitvcns is gis*cn. by the angles 


Ktlt). jl,,- iinrl PC)Q^, the 

.iIUMifh- tl»« 'Pin* akitudc- 

un*.i .m emrnts t.m ti« >\v-a-days 

• ►tiiVfi.i* ml*, in* t.ihr'n 1>\ a sni veycii’s 

1mi« (lir l«*h''.«opr .md vernier 
v.iif' tinhinnsn |.» ,J,n-'imdu and .so he 

* s r-* I* «I II i.is> nil jiisii niju-nts Li.i ^aiu 

pir'if.iMii III II i*M>iii . Tlie Ra7n 

),:t.fir} .11 Jaipio -.ris^ ,’h consists o! a 
I \ liiath !• .it \s.ilt, I'.J l\. Ill dhimetei- 



and II* •1’' h»id»i ns ith a central pillar, 
I,. '1 lie Moor and vsalls ai e Hiadualcd to 
i<’;k 1 iHifd'*'' ol' alii tilth* and Lizimiith. 
'1‘tic posiiitin of tlif* sIi:irl()\\’S of the top, 
*I , nl' the pillar i ast by the Kiin ij^ives the 
alUtniU' anti a/muilh of the smi. Similar 
iibst'i \ .limn i‘an be made of any other 
heaveiiK i»liie*‘P '(’he Dii’firn.ift Tanlra 
is a sinuiai" insliuineni eoiisistiiiK t^vo 
(\lindrital Widls of ',i7 It. and IB ft. 
diainetei with a ceniral pillar. Wiics are 
strt'U hetl n*n th*-soiith and easi-west on the 
lt»p of the outer -wall, and the shadow of 
this inteiseetion i cads the co-ordinates. 
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OnSIZRVATORIES OF MAHARAjA sawai jaisintgh 


Ilight J^sceiision cuid JDcclination 

aUitiidc-aximutli systcni sufTers 
Iiom the sL‘i loiis clclcc L that it depends 
the positicjii oi' the ol:>servera the 
zenith iiiicl hoi izon cliazi,ying Trom place 
to place. On the other liancl, if we 
inaa.miic’- the plant: tif the ecpiator extended 
to intci see L the heavens in the circle KOl^- 
(Fig. 4), and the pohn axis to meet the 



Fig 4 


heavens in P, the pole, it would give a 
fixed reference system. R is the refcicncc 



s 


point, and the position of A is given by 
the angles ROQ^, the right ascension, and 
QOA, the declination. If the observer 
ts at P on the sutface of the earth (Fig. .5), 
the plane FFI tangent at P is the plane 
of the hoiizontal, and POH is the geogia- 
phical latitude. The noilh pole will thus 
be the point at an altitude, FPR, equal to 
the latitude, angle 1, above the horizon in 
the north direction. The equator will be 
the citcle in the heavens each point of 
which is 90° away from the pole. 

The Equiimcttcil Sunchal 

Suppose that is the plane of 

the horizon at the north pole, and NP 
IS a vertical rod (Fig 6). Sunlight 



S 

Fig 6 


coming from the direction R will cast a 
shadow IMCiof NP As the earth revolves, 
the shadow will revolve on the horizontal 
plane with uniforin angular velocity once 
in a day. The position of die shadow 
will thus give the time of the day. The 
angle NQjP will also give the declination 
of the sun 

The same will be true of a point A on 
the suifacc of the earth. A line AB is 
taken parallel to the axis of the earth, 
i.e in the north-south vertical plane and 


Fig 5 
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AUC ; 7 . tlj‘* h\11» iK'nu'if- AC ; s«i\iui' 

• I'l iht* <;ni-fit'<t/ I ln' iirit'lit Ii< ‘ is .hImui! 
•Ml II .iMfl ihr }i\]»ft('iuisc, .\(. \ is uImiuI 
1 17 It., so ih.il ihr ltA( * ".ili" *»!*'. 

llu' .il liulcudr- fil J.M|nti'. W'ilh 

;i poitM C) on .\C' as tfviiif, .in .»»« KC.^til 
.1 liu If' i* tli.ivsii ill infill .ini'lfs lo tlm 
pl.iiu' AlUI his li.is .1 i.uUns j»l ahfiui 
.1(1 fi and is sti.ipfd as a ivIituJiifal wail 
so)nf *) |i. ill *\m objfii lik<' a 

small ildn ifjcl is niti\'(t.l itlom.' AC I till its 
shtitlow tails oti the ar< HC,£. 'I lif 
f.51 .iditiitions <nv ihi' .n« r<*iul lln* lot*»il 
and thf* clot lination ol' lli<* snn c-.aii 


•■ » .0 i « ai J s ■ ■! j s '' 1 ar h i.ilii >iis Oil the 

ij- '-ajjMj, t- Sniid.n 11 ir.i* ui ( mciits ran 

i’f i.'Sfod oui )lo! .m\ Mih<‘i hravcnlv 

• dt;» t I 1 1 1 n» • ^ih, \\ 11 li tins instiu- 

I'H ni !hai i?j«.a oj iSu- f .h'.i 1 \ atif ms wei e 

• ois4'f3 .<n! 1 '- \Iaha).na jaismi^h. The 

• 'W,. In had SI1 v. i'**,. , ,i‘ .iir.iinuiir hi^h 

a’ * n 1 » % ni I ii»' nn .la n iM I m 1 1 s «il’ anji^lcs 

hs n ni'i !ai.-r .johs \s as p.niK oflsct 

h. tiu snih anH im s of ilir shadovv on 
l 3 n” ai» 

I h« / jf f'fy/K /./I \s .1 * .inolhri f»l' Ids 
n II jtf iJi tiinsif'uis I» is a toncavr 
sill'I ♦In 1 |i . d ln.v%l. 1 ."1 II, 111 diametri, 

• »«nh nao du r'loiiod. .njcl 'aiiyino a. 

nt.ip oj ih< In .iN I n . I IS iiiai IwUi'.; of ( iK'lcs 
»♦! ffpial**!. inipirs. hoiii aiu'h's, altitiuU’- 

a.^nniHh • n* I' s. ri. , 1 he sliadow o] Lh<* 

• i«l tin* sphiji vould show the 
pM-.tiioii m| ijif* am 

\iioi)i(i msiiunnnt ^m^lll>j;‘ a siindai 
piiipo.r j. ihr ti stt ^ a s r> > lavoiiiite 

• omp.kiiioM o| the asti o noiiiCM s ol the 

iin«ld(t* aip's. Ill |>iiii(ipl<\ it is sterco- 
ntaphii pioi**'*»*»M 1 'li.j. H,. ;S. point r>n 
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a splmif* ABC* is i epi fsenif'd ou dif* jjhiiic 
VAC^^ h\’ tin* pfdiii R m whi< h PAC^ is clU 
1 >\ ilu* lint' IVI) 1 < dtavvn Iioju ttic pole B 
olTIn- sphf'M' uml tin* j'loint I.) ou it. Such 
iiiappiu^s < d’ the asti oiioimeal jjositioiis 
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as of the equator, tropics, hour angles, 
etc, on plane surfaces were called astro¬ 
labes, which wcic often adorned by all 
the artistry of good craftsmen. The 
asbolabe can also be used as a mechanical 
calculator for finding the time of sunrise 
or sunset, the length of the day, etc, and 
it was m this manner that it was mainly 
used by Maharaja Jaisingh. He called it 
the Taiitra Raj. The Jaipur instrument 
is a biass circle, 7 ft in diameter, hung 
by hooks from a large wood and masonry 
support 

Theie are othci instruments, but the 
preceding list will suffice to bring out the 
salient fcatuics of the jaisingh observa¬ 
tories, often aptly named the Janlar 


Manlars. From the wealth of data 
acquired from these astronomical measure¬ 
ments, Mahaiaja Jaisingh constructed the 
astronomical tables, or star catalogues 
modelled after the older ones of Ulugh 
Beg and Ptolemy This he dedicated to 
the then Emperor, Muhammad Shah, and 
is therefore called the ^ij-i-MvImmaiskai 
The name of Maharaja Sawai Jaisingh is 
bettei remembered by this immense 
monument, his catholicity of outlook, and 
a strangely modern scientific spirit of 
enquiiy, than by the military campaigns, 
political diplomacy, or cunning kingcraft, 
that many times fill the pages of history, 
Fie lived and died a scholar among princes 
and a prince among scholars, 
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pn< > I« ts\ X I HI si>, 1.*. 

v.l.(3“"3a ■•'K'. ;rs; .a tt .tu JiUntO'- i u Ar 

S al IK-V. » } f '5 '.'.t. r< k • - J. 5 t' <1 il • j»ti J »!!r’ 

.91 j*3 < • >!!n9lf >, .4}»- ■ . s<5iu-’ 3 11»i»n i .ti 11> *1] 

tfia-9'f r j .jn»I .4 h.iBi*si9i3 •'!' ittHfif’ 

m '} i-^.n j ■.9*1 > «la t?.*' j ■) r- -rs:* I- • -I ' »jia3» :Iif . 

IPih N-.jafJif «*V ’vjJ.ni t Cl »'>1 E .< tt< *' i‘» Urf' 

i’ji il-a‘ 1. li .ikiiif'tl <<tai - I*\ ll^lln^ 

t (''•II ^ 1 » hII Jf tc'* I »» » r.l I'H'J t JlJ.lUl '• lUH i '■»!* 3i 

I'*.!’! ll'l l.i .tA ^ 1* » m* . '*! M'l i.ll t\ pt" » *t 
I hf puipl* ■.»!»'! Pl'«V<3i Jj.ti U'M.J h.t\ l».n - 
U'M'<« IiIms • tpU*‘U sMi<\ tPumc', t Uf 
Miiillu' I ■. I*v ihf'v*" > ii 1 ;.tg4 1 • ti I'. H'» 
r. r\i.l%r-»l .9 } »•* pi^'thu I. Aiii- 

ni.i]*.. itii litiltir* iiiint.iu lu tiu** ) »i K clii^ 
ptiMHi'tU .mil .iji" i lir'i «'!••! f* UH .tp.il'lf »•! 

J ilinli »*.% Ill hrst/iiuU atifl lh»v li.i\ r* 

lit r*»i tlu'Jii liHul r iiht'i <Uif*<tK • »i 

iu*\uri<iW wn pPinr-k NsUuIi a\»*u«' » .»n s\ii- 
ihfvi/r Inncl Pu ihnnsrKrs All .ilttmpts 
l<» aihir'V'r' in llw* la I u «i 4ilt ti \ 

witlioiii iln’ lu’lp iifljxhuj pl.mt *ilK 1ia\'f* 
met will) iaihiw'. Ht'iie iu>t r>nl\ llx' 

iiu*i <*<lu*nis me iiiitnu'cl i»i Um* eli'liui- 
ti<Mi l)ul s»iijte* ealaKsts |nr^*•llll 

in lUi' li\ im; i rlls .11 r lice {*vsai > T* *i In ini iiij^ 
.iljnnl plnaf>>yiill»<’MS. I lieaii'li t|i<- »u- 

rdinpuiiiitls In’leiriq; tt» dillri- 

flit siiii4im.ll pultenijs, < ai I n ili\<li .itr's 

s<'r*»n til lie* 111 M fiiirm il in ph**t»is\ nilit*sis 
:uicl lilt- m*mMal ('(pialittii (i a ihis lsiK‘e»r 
puitlut I e an l»c‘ wiilUMi as fikllows: 

Its*, t ill* n eipli \ 11, 
ineti Lpuiit salts 
aiul em/.^ mfs 

nClOaluII./) - —>(C:ir./>)n i nC )a 
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If m.i\ 1 «< tli.it tin- .iliuvr e'citiatlcui 

)'* tile* i * \ f-i -f- < •!" aii< t( lu-i iiiip( a taiil i (‘urLl( )ii 
fal IH-' pl.t' «* Hi livjii'' ( I'lls I .illt-cl i(‘spiia- 
* 3 *'ij. Ilii* Ij.isi. le^fisjlih* iiMiiion had 
pe'e-n I * « tl liN ] Pin*NtU‘s .vs i-mly i\s 

Iv'/:*. I)iiiiu!' ilie* HI vc.irs, all llie 

In*'.)* J11") f'» 1 n-i 11 4 «■!' pin aeis^ I j t lit'sis li.tcl 
lae'ii in nli-'i <.|4 u III . lint ilii‘ nimh.inism c)f 
] tin a* > .s I j« Ilf a . itnnaiunel miK .v ni.iLlri of 
spiM nl.ti). a» ttni il t ht- la mi minus i tl lh«' ])i c*- 
se'Ht ii-nimv I hi* liivi siiphliftmL ohst’i- 
N.iijiMi in thn nnili i a.imUnn. nrihr niorha- 
1)1 -111 t »I ph> •!• )-.v n ihf - 4 i-i \v .)s m.itlf I is lUat k- 
1)1.(I) m I * » sslni slitiwcil that the* svIkiIo 

plixr-.. Ilf J t) n ill isv It I h« SIS IS luil cl<*pi*tul<Mit 

• ifi lii'lit: a pall it a dail: le'arllnii also. 
N«a% if ), kii'tsvn iltai ph«»le»ss iiihnsis fon- 
Msls i»r isNri p.iits, ftnt* is ( ( *)n-<‘i n(‘(l vN'ilh 
I tin >n ipin isphi j) s la lit III .mil ]>h«>l(>'lyLic 
sphifimt «>l \salci ulueh itniuiu* lit^liL and 
the* pitpinmi Im thnii .n t r im [ ihslinit'ut, and 
llu* «iih«M IS ihf- 1 ff 1 in i inn e'(' 1 a i In ill dioxide 
.mil vulisfijticMIt ifMi’iious to linin s’aiioiis 
iiit'anie' < < tij i pom le Is wliitii thoiii>;li de- 
pt'inleml fill tin* piotlin is of tin* liisL leac- 
tn*n e'.in take* platf in tin* claik sslien tlic 
oarlien steps have' In-c-n nelnosccl. The 
iin-i h.tiii'.iii ol' the' In st p.ii i is only partially 
kintwn lull lUn kfS u i Idi mat i* in in tins rc- 
spiitl \\ a-. Ills! piitsiiif'cl I in U-pi'iiilcnl ly liy 
IliU, \ an Nifl .inti hs Kniian anil Kainen 
tfi .ilioiit 1 *J I 1 ami inoif- jr« anti) in PHiO by 
AI noil. ‘1 III* tiai k i t*ac -1 iou has been nn irc 
f oiuplrit-ls s\ oi ka< 1 out emly clurin,t>‘ thi' last 
rt’\s >i'ais at ilai Icflny, (Jalifoinia, by 
>l<'lvin ( l.iKhn who w.is awaicled the 
rsejbcl Pi ivii* in C'hoxnxstiy in IDGl 
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'T’Kiis pliolosyiiLlicsis as Linclcrstt^ocl toclay 
iiwalvcs scvc'iiil stops I’ust, tlie U^Ut enci- 
gy TS absot Ijccl by and related 

pigments and is tUt*ic*by efnwei ted into 
liigK c'liciim’al ptitciitial enci gy of some 
com[)onn.ds. Sen oiidly, tUese c otnjjonxads 
I’eaeL vN'it.li and pi odneo oxy'geii and 

good ledacLiig «igents as ^vcll as oilioi 
cofac.toi's (viz , .LflenosiiK' trijjbosjjliale, 
AXP) cotaining ]axgli c'liernical potential 
eneigy. r'liially Lbesc i educing and ener¬ 
getic cofac.toi s 1 cac t witli carbon dioxide 
and otbci inoigumc compounds topioduec 
a liirge vaiiety of oiganic compounds 
We shall discuss tlxcsa stc'iiis one by one 

'rUe. Raid oj' RigmeuL and Rij^hl 

Ohloi opliyll, the gi ecu j^igment in 
plants IS most suited I'oi the absorption of 
sunlight. '’/'he giccii plants toiiUiiii a 
mixtui e of tw'O cdiloi <jphylls, a and b, 
piCvSCiit in a i onstaiit latio of 2.9 1 'I'vvo 


CH-CH, .'CHPj 



i-'ig 1 Sf-ri.icLuii e of CJhlorophyll a 


other chlorophylls, c and d, arc present in 
led and blown algae, diatoms and dmo- 
flagcllatcs while the chlorophyll present 
111 the cells of puiple and brown bacteiia is 
called bacteiiochloiophyll. These are all 
macrocyclic pigments containing 1 8 atoms 
ill the ring and differ from one another in 
minuto details, the stiucturc of chlorophyll 
a IS shown in Pig 1. 

Chlorophyll in living cells absorbs light 
m the region of 675-680 and as a result 
of absorption it gets conveited into a sing¬ 
let excited- state. This singlet can either 
lose this energy by emitting light (floure- 
scence) or be converted into a triplet state 
The foi mcr leaction takes place when. 
Utei c xs isolated chlorophyll m solution but 
It IS the latter i eaction which takes place 
in. living cells. The ti iplet state is cliarac- 
ircrisccl by instability and is capable of 
giving cliemically active electrons Thus 
light cncigy is conveited into chemical 
potential How the structure of chloro¬ 
phyll is moclilicd is not yet clear. One 
opinion which is nearer truth is that of 
W^aibtirg, it considers that the five mcrti- 
beicd isocyclic ring (E) opens up dming 
this conversion. 

C - *■ C CsingUO -—*-C -*• hi/f C^loiTeseneei) 

. 1 

C (ti Iplet)-- C Chcidiationlesi) 

, I 

C + S' 

(C sleinds Tor chlorophyll) 

Photolysis qf Water and Pholophosphorylatton 
in Crieeii Plants 

Idill and Scarisbiick (1940) wcie the 
first to show by using isolated chloroplasts 
(chloioiahyll containing particles) from 
SleUaiia rnedxa and Lamiutn album that the 
photochemical production of oxygen re- 
ciuiicd the presence, not of carbon dioxide, 
but of a suitable hydrogen acceptor and 
that when this was added to the pre- 
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f t ;m fa '"t) ' Ht nc) a - >j 

It IS * % r » f •hK tJl I ill.* t llir .!( It1.1l 

jflu'tMlv ‘ .tl.r! Milif’* 11 :l»« rif j tf'Ufiftil I f'.i* - 
t.>i.r»f Hi,3flf' < Ir.i! h'. .afiti Ins 

» • ill.il 1* «i .1 1 ' » .at «Ilf I *!} i V ri 1 1 V • ‘t < .»li iMt - 

i#i « lU « .11 rliii v% > >1 k« tlifs writ* .ililf f<i 

ssMl.ilf* t Is Imj («j lit.nt •.piu.tt U If.ivfi «.M 

tlt.lt tllf f'Ml.ilfMl I Iilrii tip|,ist‘< 
ilif .vltiliis • >l f .11 1 \ mv. «>\kt « MHijtlf If* pIiMlM- 
•tvullifsiv « I. isfij.itffl t'lilf ti opl.isis 

%•« *‘i f ijfft .il»lf tn .issiiiiiKitf* fli- 

»»xtflf 1 Ilf’S sf p.ii ilif .tiffl *!*•• K 

i»l {j|ii >t< iss't 11 !if si •> iM ( h l< *1 (•{ il.fst-s 

Hit* lif/Jit 1 f.tf lifui 111 thr-,il>sf in r ffl f.ii- 

I 1 MII <lt< ixidf V\ .ts ItUM ul Lt) < ( ittS'C'l I .1 till Vllll <' 
mI .idf’itf>siiu‘ ihpliftsiih.itf* ',AI)P'. iri»»Mj;.i- 
iin pliospJiatt* aufl ‘I I’N"*" It ipheisjilifi- 
pyiicliiK' tiiii Ifoticlf iiitfi adcKiMsiiir 

II iplujsjiliatf lA'l'l*;, aiifl I I*XI I with tlir 
siiiiiiUuiirtMis r’s uliitif in ‘fl’ f>xsixr*n 

rill'Si* JIlMtKllflN SS'fl «* l.tlf*!' Illtlllfl ICI 
.tsstiiiiUuf <1 i(ixitU* lit ilic* cLii k ^ 111(1 

11 ) ptndiii f’ ilu* s.iiiH* iMiiuiUs (li atc’s ili.tt 
ihf* iiit.'K I plant Tiianiil’.n lui'f’s. 7 Am 
/t/tr 2 Utiitm itf' A'l P and 7 n‘tir shoti'n /»» 

ht' t/te Tfiajtn hititl-deftenelc'nl »rat lions. 

In hvicr cxperintc*uis it ivas .•»Iu»\vii iliiit 
A'T‘I’ IS iri.inu lUf tnri'd in in:ipii .nncnint I>\ 


a * ">■ * €" s. ( -illfii I w/if Idioiofdwsfiho- 

r. .aid rh.- as loutid to be 

,t» f f 3fi .1 tf- 1 1 it « • «l .>< i» 11 s 1 ik I* fKt\'iix nioiuinu- 
r3r*.Kjcb- t ,NtN . .iMfiilin .u ill, \-ilamin K 

♦ *» sin^il.ii «*s.trb .-I» thn lis f* sssK'nis that 
f Mishl nati.itf «'l« I ti iMv ti .insifi ci r added. 

I hf jfi.M f’.«. ». illusr t .iif rl in liir, 2 which 
ih..| ihr ficctiitn IS lust faptuted 
sii.iiniii K. *•! aiauhfi liilhfVov and then 
i«* tJif' r^iiuhiMiiu* r'n/'.yi!U‘ system 
h.-jij*' (iifii'v t«» a pin ispht II V laiiu^ rtizy- 
inr- swifin vshiili cmpluys the enei^y lo 
« aiplr- a piar ts] ill . 11 <* vpnii]i fui the AOP 
„\s tlif fiff li»'n p.issi's li.u'k tn thlnrtiphyll 

li • tiII » \ i«<« h I • »ti\fV., it I'lves ni) cnerfry 

n» i'.jiii an«<ih<> ni«ili • uU’ nl The 

( hloi(tplIS il .tifpiiifs .1 jxisitivc charge 
w hf n It fjfi ts tin* flct non .tnd is thus able 
t*• pnll tin* iciiuiiini^ fl‘*< linn iVtirn the 
« s i«*f hi miifs N«) niiisnlf clccimn dnnrii 
is nsffi . 111(1 thf sssifin i'tiin lirms as <t self- 

• • •nUft I If d f s i Hr i nm ha n ism. 



Ntm-i yt He pll<3Ulphn^\lh(»l•yUuL<»l^ has 
hfeii I'iiiiiul 1*1 He takiniv place in isnlatcd 
( hltii nplasts. Iftiwcvci, mily' it part nl 
hfcfht cticri'N' iiHscnlicrl by elilnmphyll is 
used Jill the loiination n{’ A’I’P; the rc- 
mainilct is vvHtul lor t he I’oi mivtion of 
T’PN'tl. It is this pinc’css which involves 
phtitfiiysi^ (j| ^^'atCI , 'I’hc os'ciall ec[na- 
tifin ma.\' be s\ i itt<*n as s : 
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2 TPN+ -1 2 AIJP -{ 2MA3 -h 2 H 3 PO.,_> 

2 "rPNI-l4-C)a-l 2A-I P 
'I’lic* i cacAiori indy be sniiuln.ted to tlic clec- 
li olysis of* wivlei Water clisstic liites pcii'i.lv 
Lc) PI"*" and 'riie pif»ic>n. accepts 

iiri election \Jaii fiom eiicrj>y and 

heeomes liycli itle icm wliieh reclnees 

PPN to 'i'PNri C^u the' cithc'i hand, 
hydioxyl anion losc's ;ni ch'c ti on to cy- 
tocliK-jme and iLselt bc'comcs a hydroxyl 
I adical j tvso sucdi li'^'cliox^l ladicals rom- 
Innc to yield watci and oxygen, Xhe 
eytochioincs in tm t\ jiass on elections to 
c'hloiopliyll anti m. tins process laisc 
j^hosphate anion to temple <jn t<i A13P, 
'I'hns the nnn-ryc he* ph<jtophosp!ioi yla- 
ticjn clilUns hoin the* cyt Ik emc in that the 
clec'tron expelled does not retain to chlo- 
iDphyll but IS icmovcd horn the cyclic 
pathway by ’I’PN'*' T’lic iion-cyclic plu>« 
Loplio.s[ihoi ylaUt;n is shown in 3. 



Fig. 3 ISfc)n-cyr:lic jjliolophosplioiylatien in gicen 
pjnn l«> 


l.ifrht Ui’pendeiiL licaclions ui Hacteiid {JF'oTina.- 
}io?i of A-TP and 

As early as 1880, Fm.R'clmann at the 
UmvcisiCy ol Utrecht found that puiplc 
bacteria v\’liich metabolise sulphur com- 
jDouncls perlarm a. type of photosynthesis 
apparently without giving off oxygen 
Tint it took about sixty yeais to establish. 


this fact. Only in 1941 Van Niel wrote the 
following photosynthcLic equations fciv 
photosynthetjc bactciia 
2 COa + 41-120 -I- HaS —2(CH20) 
2 PI 2 O d- HaSO., 

c;Oo + 21-120 d- 2 H 2 SO 3 (cti^o) -h 

2 H 2 SO 4 d- TTqO 

‘i’his emphasises the fact that evolution 
oX’ oxygen is not essentially a photosynihe- 
Lic leaction 

Working on the red sulphur bacterium 
C'hymnattum^ Arnon has recently established 
that both cyclic and non-cyclic photophos- 
phorylations occur m this bacterium just 
a-s Jii chloiopiasts IVIost of AXP is made 
by tlic former process (see Fig. 2). Non-cy- 
clic electron-transport mechanism in 
this bacterium involves the transfer of 
elections from thiosulphate and succinate 
anions Energized in chlorophyll, they 
can reduce pyiidme nucleotide, jom nitro- 
gei\ to make ammonia or make hydrogen 
gas; ATP is also formed. This is shown 
in Fig. 4. 



UISHT 

Fig 4 Non-cyclic ckclion Uansfci mechanism in 
ihc baclcrium (IhromaUum 


Daik Reaction' Carbon Recbtciion Cycle of 
Photosynthe'ns 

The organic compounds Xbrmed from 
carbon dioxide which is the only souice of 
Carbon are of different types such as cai- 
bohydrateSj amino acids,'*' proteins, fats. 




,ir 1. ' n. .1 ...I '..j pi, J. •t.-.li.r 
.>j3 rtir . 1 'll 1 j.ni, .»tr ir- 

;’=>s»'r 5 j i'’* ^ >• . f' ' . • 

i'r’ .»J.. 3 .113 1 .i ' ■ \jj' 3 • ,*» 1 j» J . 

v J 1 J* I 1 .1 s I I'l 1 .1:^1 ,«■ /1) } v'< * Jr ” ; .An 5 .S 1 1 - <** • •!] IJ jr »• 
f s.f 1 ~T i' iii • • ’ 3fl3|f'»i;5w«r- .411,«•£ .tj*' 

.air- 5 v'.-irt r-l 1 j“ Haj-ji}',.* *?f • .*. 9 j 13 i *-1 a* 

.13 r' ■! • tjjr 3 .i 3 1. * 3 j' ] ija j* t - . 

I hr l.iSIrr ,jjr J»-3IUr»^ K t» « IV 118 .ta.lZil.al 

tiaj’S . hat. r l.rij} jij.idlf a %«jr-.tl 

8 juj.«i ^8 -"i i-aj . *• 1 *3a a (*', rJ J hf• • »'■ jif ».f 
ill Jjcr I f t-Jin < i« •» i **1 i.nto*!! 

.«14«3 HI M JV 1'* jr , 1 1 .il. r h»'t-Sf ,ii 3 V.n ii »*• 3 . 

1 11 ! si I*. 40i}v tluijin' ilir l,i‘ I iji.ic 

,\it\ ■ < >1 ( \ 31 1 ( It »v; f V 1 ‘ !riu f i I.f* * • ai»r. llic- 

8 ra *'i» I ► <i Iv h-v («r ru td.u {(' f •' .> ahlr l.n ••r- 

I\ t3g|r4iit’h tl(«’ .11 i.i! a h I \ nt ()«<' t.iiilti- 

.U t i\ f* »vnl« >jif < <1 I .11111 di, i .f'.. *^C ; ! #% 

lilt* liiM'civr-i > oi iirvs inic t Mil'* liiutpirs. *ti 
iti( alii 111 MU U .iS i .tflua 3 It I iiti.iU ii.;i .1- 

Iiliy. 

I hr itiuuit to slunv tlit* sli*p>» iit 

i.iiliiiii irciuctioii w.iN t.iiiic’tl iiut I ♦y 
C’.ilviii .IS lollovis. 'llu'k^itni ('lliil.ii 

pl.lltf, (^htuiitld if M • Slisp* 

in 1 on t4U I lit t iif'i r'ss.u y iiioi 

ions MiiUMif, phosp\i.it.u, uir > an<l 
with .1 Miuain of oirfinaiN i at hoii f]io-\,i*lr 
Ljas ;uul siinii] i.incouslv illiiiiiinaU'tl. 'jMu' 
photosv'iii lift u* plant lakrs n]i i at hoii 
tlio\i«h' liinn tin- solnlimi %\hc''i<* it is in 
rcpii Iihi iiiTii vs iih hit .ii I h iti.itc* ions .nut 
thus s^ nlht'si/.i'fl II ions oiipniii' i oiii- 
poun(K. Xo\s', sutlilrnily a snhitioii cti' 
ladioiu lis'r hit ;u 1 lon.i U* w.is in ti otiiit t'd 

into llu- ul.tpil snsprnsaiou. As ihf plant 
is uuiihh* to f lisii inu,iush h<’l\\t*t*n ^'’'Cl.intl 
i‘Ch sonif ^‘*C1 p;tiL liipully Incoi poiuLccl 
into a hiTj^c nuniljfi ordillV-acnt •>iil)staiic’cs 


J''I in* . 5 dm aar.f th** phnloss nihcv.iq. This 
fV.p,,.,i3r t., laihoa. IIMIS as clone far 

j ^ 1 j d at V ,s» - ' SI * a n a h .n i ir »ii of' a second 

a p-.a. lu ihtlrir'iit cxpcj inic'nts 

• fiaic l xhr- 1'>rnpri»uitis foi ihchI aL clif- 
htrsgt Ja.,t .. I hr } J h o 1 1 r-^ 11 Ll ifsis ^vas 

»p 3 fn«h#'d 1 1’, -n pctjthiu' tli*- plant cell in 
.thohofl hi n l!ir p.ttif'iii fit"'’(J lahclling 
s-'-it I iii.tlK the tlcad phint was 

aiunK »d Jot ladioaitivc conipoiinds 

*a i. 

I hr h a rn.i t II m of a nnnihci of corn- 
P*nn 4 f 3 ' in.ihi-'^ llu' idrnl ili< atitm chllicult 
Ihit il v.av '.ii* I r ‘.(nllN' ai 1 otnplislicd by 
t .ils ni n''in(r i .id t* i< hi * iiiiii loLp .iphy. J^u s,L 
1i-dtincnsu iiial p.ipci clnomatoj^i aphy 
s'.as « .11 I jed out .md tin* < Inoinalograrn 
plated in I 01)1.11 t \Nitli .1 sheet nfX-tay 
him \s hr'ii hi.** k sj >1 »> s on ihi' it)in jipjicai cd 
t oi I c spondiint )i I acl inactive 

lotnponnti «in the' p.ipri Idcntilic atinii 
ol ih<-»- %p.iis Nsas done tn a iiviiiihci of 
\% .» \ s • I 1 . h> « • >inp.i I i Ml' the pc isi( inn of the 
spots \siih tluisr- Ilf ihn k;no\s n ctmipniintls 
nttch'i ideiilu.d c Olid i t il >1 IS t l>^’ eluting 

the spot and identdyiML' tVnt minpound 
liN- iisph\sii.il III rheinic 4 l) jn njiei tuss, ttnd 
, 'd I l»y < o-c hioin.LUii'i.i]>hy with the au- 
lh<’nti* saTnj>li‘, 

In tin* <*xj»ei iliuml oT iIk” hiicfost illu- 
iiiinalioii I'.th 1 sen,) CI.iK'in identified 3- 
pli**splini'1 st I u• iit'id (H-PC»A) as the lirst 
sl.thle jnodm t laludh'il in thi*. carlion of 
tiu' r,i»l>ox>l iponp. "^l ills .suggested that 
tin* i.nl»t*n dioxide’ ,‘ii'i'C‘pior is ii Clg unit 
\ihiiii !•> I’oiitiimonsly tegeiu’ialcd dining 
pi 10(1 *syn i he'vis. I h ns'c-vcri , no <‘vid enc c to 
.siippoi t lids h> polJu’sis coidd he; ohtanicch 
III a tj nan ti i.i live ex[>eiitncmt it \s'as loiind 
that one in<*le of t-.n-liOM dioxitle g.wc two 
nudes ol l-PC ;A eai li willi 3 eavhon atnins 
ami It was c tun lulled that ii .h-c'arhnn ac- 
I'eptor of some kind \s'.is involved. In a 
xtudy of the elleet of external variables 
(tcnipcratme, lights partial prcssuie of 
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cai bon dioxide and oxyt^cn) Oalviii found 
that the diphosphate of a pentose sugar 
iibulose ■whic.h was also idciiLilicd 

as another pioducL of pliotosynthesis and 
3 POA ai c lelatcd in a icciprocaL maiinci. 
'■phose factois which suppress the foiina- 
tioii c'orrc^spondingly increase the 

production ol 3-PC:rA aud 7>icfi vrt.?a. It 
was thus proved that I^.1DP is the hist ac¬ 
ceptor of cat bon dioxide and it gets con¬ 
verted into two molecules of 3-PGA 
through an intermediate as shown m 
Fig. 5. 

CH, OP CH_OP 

I ^ i ^ 


carbon cycle and the sixth mole gives 
products outside the cycle. 

Oilier ladioactive compounds detected 
m slioit exposure experiments wcic found 
to be diliydroxyacetonc monophosphate 
(t^Ah/IP), glucose 6~phosphatc and fruc¬ 
tose G-mouophosphatc. Obviously two 
moles of 3-PGA arc first converted into two 
triose units which then, couple to give a 
hexose unit. In. agi cement with this idea, 
labelling in the 3 and 4 carbon atoms of 
hexose units weie found to be twice as 
much as m the case of others. XPNH 

CH^OP CV4,^OP 

I 2 . « 4 


c = o 

r' 

M- C - OH 


II 

C — OH 


c c:; 

j ^ COaH 

"c Vo 


CH OH 


* CO^^H 


H - C —OH 


H - C — O H 


HC - OH 


OhUOP CHzOP CH-OP CHOH 

I 

Cbeto;) C^^oO CH2,0P 


Rtbu-Lose — J,.5“ di/Dhosphctte. l-nte^r'TnecLua.te 3 — PGA 

Fig. 5 


The carboxylation reaction is a ci.irious one 
and seems to be po.ssiblc only with the help 
of a special enzym.e. The decomposition 
reaction, is simple to follow because the in¬ 
termediate IS a j0-keto acid and it can 
undergo the desired inaction. This is the 
first of a scries of reactions that lead back 
eventually to the icgeiieration of ribulosc 
d iphosphatc. 

Further it was found that in. the carbon 
cycle of photosynthesis, live nioles of 3- 
phosphoglyccric acid are required to give 
3 moles of R1T)P. Hence it was concluded 
that out of 6 moles of PGA formed fi'om 3 
moles of RTOP and 3 moles of caibon dio¬ 



xide, five^molcs of PGA are used in the 


Fig. 6. 
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• ll!!’' lip 5*1S( ««!! . J*t» \ »‘t 

• \ tw^vr" iiiskt .siai Up » • pp S <-i i ■.« t i< fU ><< t • t 
4 t- litt'U pi* jti I jj,{ »♦ In 

.uiUtlPtii fM tljr 1V* p » 

-iini «»tu- juMaovr plptsptuitr. .i 
!T*\n I )- Hi'.II “IP u let i (iftt'r! in 

! IM* ii in ' tl |>i ms] fli.m'A «is I'.ii K 111 111 {til (V III 
j ill* »n «s% I n hr-*!'’* ihrv .up V-jiI i* ivpl i-i Ip nl 
lln* isi' ' i*i!nlir|ilu!<*’*^i% {-ph«i*.- 

pll.llr* tit ri‘C|MSi* CM \ llll'ip.P .tlitl x^ltiliisf-'^t- 

1 »ht ispli.t tr'. *l In* piIhiv'i' l< .trnl ppii- 

l**sr mills pio{i.i{>l\ .ll I'vp Us lh<‘ i*»»n»{t‘i»- 
satimt of tint* iiitist* uini am! «rip |ifX(»M‘ 
unit. lilt* ii’tiiisp unit i ciihUmisps ss ilh .i 
iJinsc’ uml III i:n'<’ sp< !< ifipj 1 1 u ll ISC* sv Jill ll in 
tuin ip\ t's list* 111 tsso lUfilf. Ill’ pc*iii<isf* 
units. Iis t'uiulc'usa l ii in with a tiicisc* unit. 
In iliis sv.iy ilit* iUtinaliiiu ti| U nl 

R 1 )!' h Iiin a innli's < il' ‘UIH »A sv.is a«M iniiii~ 
<m 1 lot, .mil i}i<* i‘ai hull 1 yi 1 (‘ Pst.iUlisix'tl 
‘rUus !Vtf vi iMiutpU'lt* uuu <t( i{u* tyi'lc*, llu- 
t'ai Uiixylation I'lMftn m ss i ili ;Unn>sph*n*u* 
cm boil (1 loyiclc lias to < k ctir llii ct* lim<*s *uitl 
ilic \\ hole c'vclc rrcjun i's (i moles ol 'I'l’NlI 


e I :•! '» ii.p lie s 1 .1 \ I 1 * A V I h f ) n t idiK Is iso- 
lai'-cl iscu'.ill pin >‘pht I) V )a f (m 1 . lh<* i ole of 
All' i’ dclmed in l»inn» .iltoiil lli<’ phos- 
plml s l.tIn>11. ihi. ••ceMiis Ui Ur nrtessaiy to 
.itlis.Hc the Miolctuie, I be sshole < JU- 
I irMl t \ I 1 «> i-. vh. ,\^ n Ml h m. 7 . 

< Mliei kitnssu n.etpiUoln p.itUs^ays leatl- 
iiit: h nil) the •>! XI li mole t ll .!-!*( .t;iv e i ise 
liisf tn pfiosp}in>eni tl^ pv I uvaU* winch tliCn 
in.is unchi*'n (ui iliei ii .uisloi inalioiis in¬ 
line I nn; the fnlIt>\\ i 1 n* : 1 / it may be («u- 

bf»NS l.iteil .uni li .uis.iminalerl to fr,i\’C afi£)ai - 
In »niil; * ' it m.is’ be t lep liosphoi ylatei I 

,in<) 11.uis.k 11 uM.iI cmI to tps'i' alanine; and 

It m.is be fa I bnxs'la It'i I anti reclucccl 
to i»isc' iii.iUi ;unl. All these cciinjiunncls 
wc'i r* is< I .is label let 1 nivcs in ihe above 

expc‘1 itiuMi Is .IS slmvsn in h iK* H- 

( ttru /uyfttft 

'thus it ts elevu that in iiatuic* the basic, 
sv'iithelie iippai. Ltus Ibe c.iiboii eonij^cjuncls 
is proshlrd by tcrcMMi plants and certain 
rniri o-oi i*an isms Iiuleed a continuous 
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chcniical incluhlry is yoiiifr on m luiUiic on 
,i li'cmcndoiis scale Diinn{> photosyn¬ 
thesis, oxygen gas eomes finm ssatcr and 
taihou dioxide undcigocs ieduction to 


CH,0f 

1 

Cl I OH- 
* COjH 
3-PGA 


OIL on 
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* CHOP 

' C 0 ,H 
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P CO, w' 

CH, 

CO 

I 

! CO,H, 


— *c 01' 

. 1 

* CO,11 


**C0,/ fiittjs^JiO-cnoL-jbyrm'ic and 




* C 0,11 
1 

CH, 

1 

ll-C-NH, 

' CO,H 


*''cO, H 

I ^ 

n-C- OH 
’ CO,H 


H-C-NH, 

. I 

CC^H 

alanliK 


asjyarlic Held mlic 4Cid 

Fig 11. Some photosynthclic prndurts other 
than caibohydratcs 


give use to d variety ol'compounds The 
immediate acceptoi of carbon dioxide is a 
licntosc siigai and the carbon cycle in¬ 
volves only a few other carbohydrates 
(fiiictosc, crythrosc, xylulose and sedohep- 
tiilosc). These aie the teal piecuisois 
of olhei carbohydiates and phospho- 
glycciic acid formed in the cycle acts as 
thcprccutsoi ofothet types of compounds 
It may be remarked that the greatest con¬ 
tribution to chemistry during recent years 
has been in the field of understanding how 
the 01 game compounds arc evolved in 
nature 
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Hill, R. and Win rriNGHAM, C.P 1957, Ptwloyn- 
thesis, Mclliiien Monogiaptu 
Aunon, D L, ,')cimtijw American Novcmbei 1960 
10-108. 



Darwinism Through Hundred Years' 


IT was an \incomrnon. coiiicideiic r in Um 
histoi'y of science that Uvo tiiclcss natiiia- 
lists, Dai win. and Wallace, slioulcl have 
been writing down their views on the 
problem of the origin of vaiictics and spe¬ 
cies in nature at the same time, in clifler- 
ent places, and unknown to each other, 
and should have come to nearly identical 
conclusions Wallace was then in the 
Malay Aichipclago. Tiis essay, ‘On the 
Tendency of ‘Vai ietics to Dcpai t Inde¬ 
finitely fiom the Oiiginal Typo' was sent 
to Darwin for perusal and .sul>scqu<*ut 
communication to Lycll for publication, 
if found ill. Dax-win on (hcothci hand, 
at the persistent insistence of Hycll and 
Tlookcr, was wiitmg down his theory of 
Natural Selection which he had conceived 
clearly even in 1839, on the basis of his 
laborious collection and studies particular¬ 
ly during Ins 5-yeai voyage on the J3ca^lc, 
This was early in the summer of 1858, 
The receipt of Wallace’s essay cicatcd a 
crisis in Darwin’s life. But tiuc to his 
character and generosity his Qrsl reaction 
was to hold back his own work and allow 
W^allace’s to be published, Lycll and 
TIooker had to use all thcii’ powers of 
persuasion to make Darwin consent to 
have an abstract of his own manuscript 
published along with W^allacc’s essay in 
the Journal of the I^roceedingi of the Ijiniiacan 
Society. This was the epoch-making 
Darwin-Wallace essay of 1859 Lyell 


P. Iv. 

J''ot inf) ly I’l itjfssiii nj 

Ptcsidfnty Alatlxis 

and I looki^r did nol stop :it lh.it. 'I'lu'y 
pi cssed 3i)ai win to pi cpai <* .i x < >1 min* on 1 1 is 
theory. At tin* t'licl of iiioi<* tli.iii a ^’cai 
of hard xvoik the* volume was publislu'd 
in 1850 tlic title, ‘C >n the C igin of 

Sp<*< ICS hy J^rc.iiis of N.'itnial .ScU>< ti<ui, 
oi the l*r<*scrv.itioii eh' I’ .ivom eel Kac'<‘s m 
the Struggle for Idle ’ i hr of' 

Sprcuw or I he loi short.) 

Tt IS implied in the title* ils«*l f I lui L N.i Im al 
.Selet-tion is not JvvoJu lion. 'l‘li<* tVN’o ai <• 
clille.M'.nt lat IS of natnri* ..\('('oi ding to 
Daiwin - anti it is g(*m*i .vlly at t (*pled -the 
former is the means l)y\vhitli the liiltei js 
brought .iboul. 'This t .lusivtional lehi- 
tion bcLwceii the two is tht* essence, of the 
thooi’y of Dai’v^'iii, wlnit has (“oint*, to lx* 
kiifjwii as Daivv iuisni. T'hough the cretliL 
for piilLmgtlie c'oiiceiil ol c*\ olutioii on a 
scicntilic basis of iacts of niitnx'cis inahily 
13arwln*.s, the conccjiL is muf h older iluin 
]3ai\vin. Kven the Cireeks hatl leali^'.ed 
that change was the esseiic c of existcnec. 
Anaximandci. had Lliough L ofrn.iii as I'cla- 
ted to animals. Hut the icU*a vv.\s tl\t‘n 
vague, Iwcu the r*ininenL jire-Daiw’i- 
maii evolutionists like I'aasnms l>.iiwin, 
liulfon and T..aiuiii ck w<*i e not li i‘e iioiu 
creationist ideas. 

I^arwln’s achi(‘vt‘inen t was not the* col¬ 
lection of the e.iioi nifius data (o supptnt 
hj-s theory. Anyliody vt'ith i>.rtieuce and 
industry could have done that Nor was 


♦Reprinted froin Cwrent Science, 27 (7) 233-37, 1958, with the kind pcimiision of the* Kditoi. 
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t li« ■ j n ni« 11 >!<• ' *f N a 11 , 1 1 N« }t • T a »n .i5l« m,*-- 

tlll’l hi' Ill J!< u v.»i\ 

liotiJ \i.illhu- ' 1. .i> ''’.i 1’> •) m 1.41 i* »jj, 

Hi‘> M'. [ i .1 f hi f» xn* u t *.*.»■ , t ' SI I ft 

•'IM'i/,. ih.t? }{'*tli 13« h 3<n| »h' 

jni'iUJ't'' h*' 'pi'uhi* • 'i ili«' hiCithsiiK iif.iJ 
ai i< I l' I lii' > ' *51 f • 5 m r* *1 .* 5 1‘ s in*<. I- h « 111 (s I tl' 

his ««l thf tinin *<1 ♦'v»»hiti»*n aitil 

his ihniiv <il ils t.it* aijuit'. Ih«*u*^.h 

lui II huiii 111 . 1.1 .iiitl ] «t I ) t> •)! mf h t}n' vv hrih* 
iht'iiy as 'Ulipl'" .4 « r»t i-.r'l «’,»sv .4* - 

«'i‘j>(.4iu f’ 1 >\ wh'i I null! si*r n.ilm «• 

I th |( ( I l \ r'1\ .t I it i V‘. i I h .ill i •; If li Tuhlil, 'In 

thi pst* w h«» .It . !•} p! i t i 11, } t J >1 • i\ ]ch i I .1 t»III - 
IS iiiij I • aH « I'» 1 n I hf }J -' 111 « pJ M. hIf h oi 

nisin, tf.i'.t.) J.i he J f'ltfhus .iiitl 

< ,i an t( I 1 n \in« h i (•«««« 1 .1 p 4 1 I «i»'i hi' sint.»l<‘ 
lit r li 1 1 h 4 < •) 1 1 111 u.il h. i ! 1 . 1 1 a■’iiaI v*. 11 h I h(* 

( ii.initia*’, S’.piil'l A'. I .111 Ku ‘'fnipiit ii 

( 1' • i 1 , ! hn 1 u ' ai h' i i i \ 1 (t r 1 j»<-i .i I l.i\% s 

h.isnl 1 >1 k (• n l,i h > "t .ih's tiuhf h Iv'* 

in(4; >1 liin (.1 ‘V • p 1' i h i* i ihia k 111I ).ii \% m 
c' hmliti'V .iii intr'Ui ’ihh* 1 i.t i Ka.i < unit I 
.11 111 Mi.K i (' 11 It»}' ii a 11\ I • *1111 n t-hfitsihh' 

'1 hc' f'ailN irsuii'iii tt> f hu s\ ttiisiii w.is 
lima iwn '.ijJiiffs. hum lia ••fiifi.il |>)ihh« 
aiwl I hi’ I in ilu« tj'.i .. I hi x " \% .is lki*i < c* sfuli- 
iiifiUal f ppl I* •’i 1 1 » PM huiM .1 sftiitiii pT ihr 
jnihhi- iPi cvtilattuM ainl iis iui-iUimI *is 

Pill MI ( 11 ill t)aiv%iiMMa. IttiMi.iii II.L- 

t ui <' is ** t i ii’i ,41 Is ii 1 ( li mal t» t I lasa < ij liiiM ms 
p.i I I it M 1.11 1V «>11 1 > Ih a 111 1 I >1«i1 >I('ias t >1 li fc r>M 

liopi’s aiul 11.11 u*i im.*; ht-lifls r.ulu-n th.ia 

(111 lat liial ftliMit f. St p It is rut %Miii<h’r 
Lh.it till’ sMiiph* l«pi thi i'jjlit iiiti’i pi I’taUoii 
«)1 I).ii\viM Ml U'l MIS < *1' («II Uiilt PMs I’vra is 

If.itliMi; Up tiiilfi .nul si'i’iiMMi; paiptist- 

llM'l ikijrh ik.ii \mmI srUa I n PM. \s .is itiip.italalilc 
iM ihfMi as ii i-unhu h'll wilh llu'ii itli’.is *»l 
lilt' ( IrtsiUii .nul 'Ihi'iliiMUX nl 

this \s.is if.ifhiHl al tlkf < )sruifl n lu 

Ihhl) .ii wilit )j lUshiip \S'i 11 jri it u'l'i* lii’lt- 

hti'aU'ly .jJtpnipusl h> 'sjriash I>.ii\\iM’ 
iiMil I’lith'd up in hi’iiM' smashi-il bv Ilnxli'y, 

'J'lio iiitpri* iaqioit.iMt pmiil wastUc 


tu ai ul I hf 1 III ilm^isls to l^.ii 1 V ai f h-ni’i ally 

the* bit lit p^risls f)l' thi' rlay iratUtl la¬ 
st‘in .ibl\ . 1>M 1 it shoa Itl afit ) X' n iiaj'ii n c 1 

Ot.tl- .ill tho bit p It iL» is ts .ir know h'clt^t (I (ht 
iht’fjiv %4it}iriii( .i(l\c*Tsf f i itli’isiii, .Stpiia 
iiilitisfu ss.is Ipascfl oil fpithoiloxy .lurl 
s<i i( iitit 1 ) t, Jhil ihciu vN’uiu iMiiuy jitiiiils 
«il I'l It 11 isTM v\ ha h \s c'l (• \ .ilit I .md i (-llfu l- 
fil if.il \N ivikufssrs ot D.ii NN’i iiisMi 'J'hf 
('< tl It 111 iiiir ii*\s' aiiioiii’ many me 
til i| f«ti ihy. 

1 ' 1 ‘lit Pill'h I ^.M w i M hail ii] isfi'v'ffl Vtiiaa- 
IftJiis .iMil i('iiU/C‘rl Limit basic iiri- 
poii.iiifc Up evolution he was ftilly 
it^iiiuaiU oi tiitai* cutises oi mitinc. 

I >.ii w Mt hmvM IfaihiiiUccI and dri^Ior- 
cd It. lie loMsidci cd the so ctvlled 
.iifpiiird s’iiiialuins ulsa us iinpor- 
l.iiU Up esohitioM 11 e e\’cu wet 11 to 
the eswlcMl ol .su,m 4 esLiMt> *1 iiiecliunlsin 
ol inlu'iiUiMce in the Ibiui. oT liis 
ilw'o))' ol' ‘p.an^’enesis'. Jt liowevei 
imvei rh’.srivaid imd aev’i’i .my 

ill eepl.ita It tv.is extu lly lias 

in n.MWMiisni thtit wu.s lillcd by 
inoiiern /fcnetii's. 

2 V.vohilLoimi y < huMKt' involves co- 
oidiM-tled I huaj.^cs. l''oi* ('xuiiii>le, 
.Ml MU tease, lu the size oi' the body 
will Jic’ed juuiiy toiiclatcd c.haiig'c.s 
ir till- .iniinckl is Lo be e/lieicnl. 
D.irvNJM iihnosL ovei‘lor>ked this fact 
111 liis thesis. Peihups ho did not 
consider it us tk serttais chfllctilty ti> 
his viesv oT evolution by u.cruindila¬ 
tion of“ small vaiiutions I-Iowevcr, 
svicli ima eluted cliun^es aienoL now 
tlillU'ulL to lault'csLund in teams oT 
j><)ly^«ent!s and ijh'ioLropisni (J')ob- 
zhunskyj 11)51) and allonictiic 
ihuuHcs (Uuxley, 1932). 

3 'I'hose, u'ho.se bitilo^ywa.s based on 
JMutui iihilosophie, did not cu.sily ac- 
et'.pt DtiiNvuiisin us it was not an 
un.swei to their quest Tor the Absolu- 
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Ic idea or llio. Divine plan of Ndtru e. 
or die conception ol t-hc axchetype. 

Lhcni law ivas soinctliinfr mimn- 
table, to l^arwiii iL ivJis a clcclxirtioii 
fiorii known facts 

4 Ivlany other crLtieisms wlindi ilien 
looked like real d iniciiltlcs htive 
lost thcLi jiaint in the lij^iit ciX' the. 
neiv knowledg>c One such relates 
to complex stiuctiucs like tlic 
vcrtchiate eye. The cjucstion 
was, could they have been of 
any use m the initial stages when 
they could have hardly functioned^ 
If not ho^v could tlicy have been 
selected A study of the lighi- 
peicciving oigaus in the animal 
world makes it rcitdily clear iliat 
even the simplest of tlicm like the 
eye spots of the gi ecu flagellates have 
been, functinnally cfTlcictit at ihcir 
level. So evolution has been not 
only in strtictm c but akso m lunc- 
tioii This i amoves the seemingly 
insuperable difliculty in accepting 
the complex organs as the piocUicts 
of Natural vSclection 
During the forty-one yeais of the 19tK 
centuiy after the publication of 77ir Ort/rin^ 
Darwinism cameto Idc almost fully accept¬ 
ed, thanks partly to the champioii-sliip of 
Thomas Huxley in England and of 
I-Iaeckel m. Germany. Huxley was a 
competent biologist liuxiseif and an eHec- 
tive wiitcr and speaker to boot So he 
had no difficulty in winning the battle ibi 
Darwin. Haeckel too had accepted 
Darwinism. _But his version of the llieory 
was tinged with Naturphilosophie. His 
chief contribution, was the Xhcoiy of 
Recapitulation which was almost Natur- 
philosophic with the commonness of 
descent instead of the aichetype. It was 
quite contraiy to Von Baer’slaws of onto-' 
genesis. In the latter yeats of the 19th 


centui y, Dat \\ iiiisin i cmai j ic'cl p<ii Lu i ihu ly 
unchanged except (oi tlic i ejection c>f the 
I..amaickism paiLof it alongwitli I.airiai- 
c*kism 111 genc^itil as a eoii.sec[uc*iice ol the* 
Wcisrriamilan theoi y of llu’. isolati'iluess 
of tlic goimd fitun the sojJia so as to leave; 
the loiinei' unaifcctccl by I’btinge of Lbc 
lattei. Ill ibis jK'iiofl theie \vas lillh’ pio- 
gx css 111 evolutional y biology' lUil tluue 
was an ciioinious cuiLput oi rnoi phologir.il 
woi’k in the sc’vcral Inantbes of biology, 
hlucli of il was by i\’ay ol' attempting to 
pi'ovc evolution and Natural Sclcci.ic)n. It 
was only towards the end of the. c,c-ritiu y 
that- cxpeiimental embiyology began to 
change the outlook of biologists a little. 

T'he pic*scnl rciituty began with c*\ulu- 
lioii ivell established as a laet cxec*pt foi 
tiiosc wlio did not ivant toaocc'ptit, 'I’lie 
almost total acceptance of evolution res¬ 
it icted die rield r>l’f 1 Jsciissioii and coiiti o- 
versy to the incuns by svhu'h evolution took 
place By tJic close of llie lOlh tciiLuiy, 
IDarwiiiism too liad been at'ceptod as the 
means of cvolutioiiiiry change. TL’lic Idea 
had pciictiatcd all aspects of liumaii 
thought liven the i'eactif>narie.s, tliewar- 
niongois and the laissev'.-fairc; economists 
had loiuicl svipi^oit in T^aiwinism though 
that was the bust thing that Darwin could 
have wtuilcd 

U’hc history of Darwiiiisna from the be¬ 
ginning of this century is a good cxainplc of 
liow a com-picheusivc scientific concept 
undergoes change and rcnncn-iciiL by im¬ 
pact of growing and moie precise* kiujw- 
Icdgc. Newly diaeovi'i ed iViels ol'K'n seem 
to contiadiet an carhor theory, but as 
often, eventually conform to it. So too 
discoveries in dilTcrcnt Xields may point to 
the same <:onclm,jon from diXIeicnt auglc.s 
ultimately resulting in synthesis. All 
these arc eminently excmiDliflcd in Dai- 
winism in the 20th ccntuiy Tlic most 
impoilant factor that aOected Darwinism 
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ill th« l.i' t ► > ’■ • ■‘it '“• » t Is 1 ,s]>j*5 :',i»>v th i,1 

(^llC '*1 ini'*!!!’'. ■ 'illlS 

svijijsliitl t!i*‘ icii -isi" - ‘•liht ’(iiitttnc 

/ti s( * 1 f s J»! }' . } *.n !?i ‘ ] 1 .’tI'l , I ’ ‘ .. 

'] 1 1 ( ] til'-' • t it m« '■ W » n ’ r-is f I- •** ri - t In* Kiv, s 
n( Nf'inl'J jnililj a:i »!n I.itui Ij.ilt s»l 

II ir 1 ‘ M } 1 1 t !»tin % . I I H fi c* t.11 .iIm'.u I 

nt (!)'' Mim * .««<<! (}!] 

ihr.s, « 1 »■ i <■» i» « • i \ • j ' «1 ill 11 ir t !('■> ill! II 111' 
ol ll 1 is ( f n 111! I h»’ J i.» 1 I H n 1.1!»' !i,i I 111 1 * 

(iI'miIh’iiI.hi'' 'll lt\ 

1 ' till li ‘f f' '111 tin' iiiitlfi st.tmlirit' 

f >1 I*\S llu I 1* Hi.ll V J II t il ■ 11 1 M . 

l).ti\*.ili li.nl tilt* 

I 1 i.ii .i( I t’l s III »11 <• j i.i 5 I'll I - f < I I ill'll!! ill I hi* 
p;»liV.** v. .1 ’' I .11 ji 1 11 lilU. I h.it VN I tnld 
irsult iM .1 h ‘ t Hiii •'ll '•{ \ .iii.ift>>n-. ft» 11111 ^ 

Jnjimt’. ni ihf ni'inltii' "} .i }Mipiil.ii i< m 
iiui 1 \N«'ll hi ill J*'.51 -f h » I !■ '11 I his \\ . 1 '. llu* 
lilt t-l sri !■ M IS 1 h SIH I *! f % III I ).u V. ji 11 .111 .111C I 11 
NS il'» t il i \ 1,1 t • » 1 I •■*, ( 1*1 I* l» JI .i M p.i t (i« ul.Ki* 

Hilic’i JI .»i»» !•. A . .h‘ IV. 11 Its I I il ii'i !' t h I , 
it 111 hi 1 11 .UM I h.kil iH'l lir-i-n {i.ti 1 1 I iil.itc'. 

I ilui It 111 * v'.i* hiin'.’v ii ii»*i li.ivf 

liiTii pcjtsihh'. .\ (c'lii h'li.iu hi'ic'ihc\ 

\/i]c‘rl .1 ittri t'»i JiMfh ii.tm c* 

iiiiil \M 1 1 . 11 II III. the I I It II V . 1 1 1 \ I .iiicl llic* 
pi 1 II' l ^•^S|^ 1- .1 .J If s I s til I \ I *1 I I I l< III 

At I li I. It j ii.iN h I' ik ».t 1,11 ii';i* i Ii.il the* 

lust, ll'sull nl lln* .Mr’Utlih.tU sitiilifs \s ,is 

III .1 flf’L'M'f »li'iljshfhf'h in n.itiii.il 
M*h*ili*iiu I )'• \’i u's's \*.f>ik iiti the- 

ui]L' piimiitsf* \s.is jmlilisln’fl in IMOl. 
Ill* had iiiilii fd th.it in.niv' ii<*\s liiiiiis siid- 
df*n]\ .ippi-.tM'd .tnifiit!' his {ihints .ind 
Inril tiuf. I fi- «.dic'd sm h * haiii'c's mu- 
t.ili'iiis and tiiiitcuih'd th.it rvi 1 1 U I li ii » tuok 
plai I- at IcM'.i p.iitls thiciuith surti aiu’itpl 
chaniv » MUli'uii iiiif'K’inK the’ naiuial sr- 
Ii“i linn nl '.mall \ .n iai irms. Naimal s<*h*f- 
liim .11 It’d lu svK h « asc-*. iiul> .iltci the* nii- 
i^iu iilMin* iifv% ji'ini t t iusi‘1 V iin? •»» c'liuii- 
jjuiin?' ir. Jiaif.nn .iNn )i»*ld smul.ti \h*vvs. 
Tills past* .1 ni*\v iinpt II tain r t«> tlif dis- 
Liiifinin i i’ii ilii' c-finiiniirivis *i.nd iho 


di-.c I ml mm ms s.nialioiis m ii't^axcl 

III till* III fvoliit If mill S' c haiipc 

1 ).ii v\ iII had atLiU lieel little iinpoi taiic c to 
die* disi fiiiiiiuif ms \'ai latioiis. d'liat in- 
• imiiis hii the tempfu.ii> hiss cd' faitli in 
iialiiiiLl seletiKtii Mendelisin si'cnif'd to 
<<mli>iiu tij ilie \ie\\s id these dotibtcis of 
lUtMtial seleflitiii because of the iipp.Lrent 
piissiltiUty id’ Ihe laipe < h.iiipes of l)c 
\'i ies and liLilesoii hi'iiiu' iiilienlefl ns 
Xleiideli.iii units. It wiis soon limnd, 

liowc'S <*i , that many kinds i d* c'hjii ac.tei s oi 
iMi'aiiisnis \ieii* inlieiitccl in IsIencLeliaii 
iiiatmei. XIt'ann hile M.inp.i.ia ai\d otlicis 
dis«o\<*ied tlie esLt dop]e..d basis of IV'Ien- 
deli.in iiibeMi.mee, in teiins of ehieuno- 
siiiues ,uid pc’nrs and Lheli behavionv in 
I epi I idui III 111 It vsill be pomp loo f.n 
liimi ifie topii to ( onsiclei the* piomcss nT 
peiielMs in tlie last si.\t>' ^a'lDS. .Snllito iL 
to sa\ tli.u in this j.ieiiod pc*n<’iich bee ame 
ill Itself .m ex.11 l linrl'^ ol' sciein e aivcl il- 
iunuued )nan> d.nk to) nets in biological 
Knoll ledge, pnjinuhnly' ni evolnlionai >' 
•.ludic's, 'I'lie nndefstiintliiig of gcnelit 
\aiiations, iimt.itions in lln: widt: sense, 
tin'll ii.itnie and fi (‘cpienc'y anrl evc‘n some 
ol then e.nises (Mullt*!* 1927), the pi obltnns 
of population genetics, the comeptions ol 
the* gt'noiype anti the pln^notypo tlaiill- 
c'd .uul sii engtlienc'cl iiatnitil sc'lcelion 
steadily anrl sinely. Hiit as inrntioncd 
exu liei the lirst impac t of gcnctic.’al kncivv- 
Ic'dicc' fill .1 inism had tlic nncxpected 

lesiilt of iiiiLiiy giving up the ihcoiy It 
is not dinienlL to iindei stand this cillici 
1 )a.i\\ inisin involved Lln^ gi adnal aoeuinu- 
Utlion of small gi sided t'h.viigcs by natural 
sc'lc'i tiem. 'J’liis was the*, indication of 
lailiieoniologie.il studies too. ( )n the cither 
liiiiid the e.U'ly gt'iicties dealt vsdth chang¬ 
es that eoiiUl he icxidily and easily noticed 
and so weio cif the diseoiitinuous ty[jc. 
It sc'cTiied iin})ossiblc lo the leading bio¬ 
logists fd the clay that the observed evo- 
luticjxuu’y changes could be the re.sult of 
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selection of such genetic changes. This 
led. to violei'it clashes in. the hiological 
world in the iirst two decades of the cen¬ 
tury. Bateson took an extreme view and 
declared that IDarwinism as theory had col¬ 
lapsed tic went to the extent of revert¬ 
ing to a sort of prcfoi'mationism in evolu¬ 
tion involving the progressive expression 
in organisms of the potentialities that 
had existed from the beginning of 
evolution. htany took up similar though 
less extreme views. 

The real point at that time was whether 
the small variations on which natural selec¬ 
tion was said to act were also jCvfendclism. 
This was not discussed then as probably 
it could not have been In that state of gcnc- 
tical knowledge. The discussion was con¬ 
centrated on whether the continuous or 
the discontinuous variations were the 
raw materials of evolution. This was a 
wrong question to ask and largely ac¬ 
counts for the biological stalemate of the 
time. This was resolved by further gcnc- 
tical studies in the recent decades. Two 
important advances in the held of genetics 
contributed to this. One was the new 
outlook on the genotype, and the other 
the new approach to studies of natural 
populations and their genetics. These 
also threw revealing light on the operation 
of natural selection in the recent decades 
of the century. 

In the earlier decades of the century a 
genotype was considered more or less as an 
aggregate of genes with a degree of inde¬ 
pendence of action. Recent decades 
brought the realization that the genes of 
a genotype constitute an intricately inter¬ 
acting system and that the phenotype is the 
product of such combined action of the 
genotype and the environment. A mu¬ 
tation in such a system will have its effect 
much modified by the other genes present 
and also by other mutations. Since in¬ 


dividuals in a prjpulalion vai y in thiir 
genotype the efli t't of a naut.itiini nho will 
vary con espondiiigl> . L’uith<’r, w-heii 
many genes iiinuenee a ehai.u Let and anv 
OTIC gene may infliumre. many cdiiiraetot s 
tlic pUoiiot^'pie. (‘xpiessious tif iheLiidivi- 
diials may show thc‘ glaciation c»bs<‘i'vecl in 
the palacontologU-al sLudie.s, and envistig- 
cd by the theory of natural .selec’lLrai. I L is 
true that a mutaiimi is inhei itc*d as a unit, 
all or none. But its c*xprc'ssLoii in the in¬ 
dividual clepe^iids on the* gc'notype and the 
enviionmcnL. This explains the* vailing 
effects ofmuLaLioiis on individuals. But it 
should rif>t be foigotlon that there me 
many known iiistaiK^es f)f niutatious witli 
phenotypic efferls very distiiifLive and In- 
hci'itcd like the charaetets of jMendel’s 
peas. 'I'he. ingmenttiliou in wluit is known 
as industilul melanism is one sneln 'They 
ai'c eoinjiaialively rtiie ho\sev<‘i. Noi- 
mally in nature the differeni'es me those 
based on inajiy genes and vaiying in tle- 
grcc. This tiridcrslanding bi ought about 
a reconciliation )jcLwc*en tlicT gemelic ists 
and the sclcotloiiists, 'J’he. objeetioii ol 
Bateson and othcr.s thus disapxjeared. It 
also became clear that .seleetuui was not 
directly of the genotype but through the 
phenotype. Selection of a parliculai 
phenotype mcfcint the selection t>f the gC‘UO- 
type that produced it. It is largely a case 
of selection of the favourable I'ccombina- 
tions of genes. It also allovs's for a margin of 
phenotypic adjustment to environmental 
variations In the course of generations 
the more suitable gene combiiiatioii.s be¬ 
come more numerous in the population. 
In this process the favourable mutations 
that may arise may be incoiporatcd into 
the gcnotyiic. The first effect of any mu¬ 
tation. is usually a discordance as it is 
something new in a harmonious system. 
But subsequent selection will integrate it 
into the genotype if useful or eliminate it 
if harmful. Either way the harmony is 
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restored. llial a. mtitation 

has to undeii^fj a |>robatioii bci'ore it is 
art'«*pl<*fl iis .1 1‘nll niniiliri' oi'the genotype 
>vith suitable inf>djiieatifjii of its action by 
tl\c rest of the ^enot\]>e (IJvixley l‘)*12). 

sc'lei'tion iji this sense is the tlilTcr- 
ciilial .siji'vival nf the I\ivu\xrable tfcnctic 
vai lant. 

'I'he sT(»\\ii(*ss of selection iittik.es it ini- 
loossible; of <tl>serva.iiorL. Ktit. sonK'thin^^ 
like it has bct*ix obsei-ved in i‘ceen.t times. 
CTcams tire known to clc'velop lesistanee to 
«inLihi<jties ruilii‘r cinickly. 'i'his is o!>- 
vuaisly u <*:ise ofselection fjl tiie fa.vovira.ble 
^c*in)lvpe at the i*xpeiise o(‘ the others, in 
the pi (‘sent e ofu new faetoi in the ^lowth 
iTit‘cluiin, ilxe anlibititic 1950). 

Vaiieties ol' Dio.Kofthiia kept iueciual nvim- 
beis in sc’t enviKiiiTiieiits have be<*n IbiincI 
to viiiclei^o selective survival in velaiion 
to the envircjuineiit. Cfreen inunlis was 
ibvincl to Miivive Uu‘kx*I^ on Kieeivf^ruHs bvit 
mostly eaten by biicls on brown Kiass. On 
the (Jlher hand !)i own nuvntis survived on 
brow’n j^rass Init wei e deeiinated on j^reen 
^rass. 'I'Jie selective advaiitajre: of jiar- 
nionisiuf^ c’olovir is ihns deinonstralecl. 
■'I'hcse may' not be ti uo pictures orsclcclioii 
in riutnr(.\ But their value Is si^;riiliearit. 

'rhe. new knowledge ofselection in lijene- 
tieal terms htis in its turn eUirihcd llic 
ehan.u^es within a bjieeies and between 
speeies. Xhat brliiK® I>opulation 

studies, iiiujtlier sphere cjf «vdvanc,c in. re¬ 
cent times. 'I'he wcu'ltl of biolopfy owes 
tl eimuidously in this ecmncelion to the bril¬ 
liant mathematical analyses of the frene¬ 
tics of potiulatVoii and selection by R.A. 
I'^ishcr (I‘^»3()), I-Ialdane (1932) and 

ScwcU WiiKht (1942), Xo this must he 
added the names of Dobahunsky, K.Ii. 
I'oidandLs. Ivlaycr. Xlicir exi)ositiona of 
the interactions of selection, mutation 
and other factors of evolution, in popula¬ 
tions have made possible the synthesis of 


varied oliservations and experimental re- 
.siilts into a coherent thesis (Simpson, 1942). 
A population is now undcr.stoocl as an 
evolving unit. It is the population that 
evolves not the individual. 

In that .sense a population is a genetic 
&y.stcm in which the individuals intci'change 
genes by tlie sexual process. Such a po¬ 
pulation with a common gene pool which 
the. individuals share in and contribute to 
IS called a Ivtcndclian population. A 
IVlendchan population approach over large 
geographical areas tends to dilTerentiate 
into local seclioiis in accordance with the 
local envii onmcntul diflerences. Such 
clincren-Liatlon leads a population to split 
into varieties or subspecies. They arc 
then Ivlcndelian populations of a lower 
order. They have chances of fusion at 
thcii* margins with exchange of genes. 
This kind of splitting and fusiiTg aic com¬ 
mon in populations under selection. If 
the clUTcrcntiation ccntiiTucs long enough 
to make rusion difl'icult or impossible then 
new species result. The Hardy-V/cinberg 
lav.', ox* the binomial square law, represent¬ 
ing equilibrium in a population, breeding 
at random is the basis of genetics of popula¬ 
tion and selection, in populatioir. Its im¬ 
plications axe too complicated to lie dealt 
with here. The subtle ways of the opert- 
lion of nalui-al selection and evolution by 
selection arc now satisfactorily under¬ 
stood. The obvious fact that some indi- 
vichials in. a population leave more progeny 
than the others makes natui'a! selection 
inevitable. This ability to leave more 
progeny than others in a particular cti- 
viroxrmental setting is the real fitness in the 
llarwhiiaxr sense. The well-known cx- 
picssions ^struggle for existence* and ‘the 
survival of the IlLtesL* were used by 3!)arwin 
in a metaphorical sense. ‘I should i^ro- 
misc*, said Xarwin in the Origin, ‘that I 
use this term in a large zind metaphorical 
sense including success in leaving pro- 
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geny. The cdiwenient interpretation of 
the expressions hy some persons is quite 
unwarranted. Reproductive success 
based on advantageous genotype is there¬ 
fore, the essence of evolutionai’y change. 

A population will gradually change in the 
direction of the genotype which leaves 
more progeny in successive generations. 
This is how natural selection directs evo¬ 
lution using the 'random’ gcnctical varia¬ 
tions as the raw material. This is the most 
significant contribution of the present 
century to the understanding of Darwin¬ 
ism 

This article is an attemy^t to trace the 
history of the Darwinian theory of evolu¬ 
tion by Natural Selection, during die hun¬ 
dred years since Darwin and Wallace 
propounded it. In the period the theory 
has been knocked into a cocked hat. 
But the core of it has stood the test of time 
Generally it is adequate to explain the 
process of evolution. But there aie still 
many problems of evolution, particularly 
in regard to the large evolutionary changes, 
which it IS not adequate to explain IVlost 
of the biologists agree with Darwin that 
varieties arc incipient species and differ 
only in the greater degree of divergence, 
to a degree that makes natural interbreed¬ 
ing difficult or impossible. Some autho¬ 
rities like Goldschmidt (1940), do not 
agree with this view. He postulates radi¬ 
cal mutations which he calls ‘systemic 
mutations’ to produce species differences. 
How such radical change.? in individuals 
with integrated genotype can leave them 
viable IS difficult to see. 

There are others who are not convinced 
of the effectiveness of selection in all the 
known evolutionary changes. Many 


bring in. the Lamairkian factor in some 
sort of way. One of the latest is Cl. II. 
Wadclington (19.*i7). In tcims of geiietu' 
assimilation, cjiigcnctic Uindscapo and 
canalixed development, lie suggests a 
casual relationship between an effect 
caused by the cnviiovimcut and the jiro- 
duction and selection of appropi ialc 
mutations. A phenotypic alteration ivUh- 
iii tlic normal laiige of the expression of a 
genotype is understandable. "I'hcre is 
no difficulty to see how such a change 
may help the organism to tide over a 
reasonable period during which the geno¬ 
type may be hai monized to the new con¬ 
dition liy selection of appropriate inula- 
lions. The dilficulty is toundev.standliow 
enough and suitable mutations arise at tlie 
light lime. One iiossibiUty is to suiiposc 
that the mutations are .so common and 
varied as to supply the needed cnics. To 
Waddington it is too much to suppose 
and so he po.stulates a developmental 
mechanism. 

There arc still other problems that the 
theory has not explained. Kisher ( U13()) 
summed up the then positifin as follows: 
'The sole sui'viving theory is that of Natu¬ 
ral Selection, and it is impossible to avoid 
the conclusion that if any evciluliouary 
problem appeal s to be inexplicable on tins 
theory it must be accepted at present 
merely as one of the facts which in the 
present state of knowledge seems inexpli¬ 
cable’. Many such pioblcms have 
been explained .since this was written. 
But many still remain and the woids aio 
true even today. It also imi^Ues that with 
further x:>rogrcss of knowledge the area of 
the inexplicable will progicssively dimi¬ 
nish, 
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Al.OAK I>; KJAVACJK TRllATMBWr 

IN tlic nificlrxTi ilie tlitposal nf «cvva^o 

aiul iiiclusti'inl wastes is a fj;i eat prtxhlcm. 
A« these are lieli in c>i f^:ui{c matter* thx-y 
emit it fovil sinell when clu*y cleeay. 'i'lic 
piohlein is tn lednre the oi^anir iiiattei' 
Into stahle pioduets Tii nature tlie 
cn'gaiiie inaltet is broken dotvn by aerobn* 
haetciia whieli need plenty <»f <li^s<)lvccl 
oxyj^en. 'I'lic sewa^^e tistuilly is clelieicnt 
iti cjxypccii and hence the iVnd .sitich. In 
the usual rnethrKl of sewaj^e treatment 


photosyntlietic activity of the algae would 
icleasc mtjrc oxygen, vvliich the bacteria 
can use loi aeiobic decomposition, of the 
tirganir matter in the sewage. As a result 
f/f tills biielcrial acLif>n, ammonia, cai'bon 
dioxide, sulpliatcB, nitrates and other 
produi t.s aie released which the algae 
c*un use ft>i their growth. Thus algae are 
usei'id ill the Inologieal treatment of 
sewage, liceaubc the oxygen they i^roduee 
is inutlc tvvailable for the biological 
oxidation of sewage without any equip¬ 
ment oi expense. 


TO Olt-OTE 
THE SEWAGE. 


acw^or 
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NATUKAU DRAINAGES SUCH AS RIVERS OR STREAMS 


cxtia dissolved oxygen, is supplied arti¬ 
ficially into the fluid. This involves some 
expenditure, Kcccnt researches have 
shown that single-celled algae could be 
grown in symbiosis with bacteria in opcri 
sewage ponds and organic wastes. The 


The sewage is Impounded in shallow, 
open, out-door ponds which are referred 
to as oxidation ponds or stabilization 
ponds. The treated effluent is allowed 
to flow out at the other end. The 
treated water may even be used for irri- 
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gation of agricultural land if die algal 
populaLion could Ije screened fill'. 'Tlie 
detention in tHe staliiliyatioii pt)ncls makes 
the v/ater less offensive and may even 
contribute to the f«?t tility of tlic land. 

'The algal organisms which arc formed 
In sewage ponds and whose growth could 
be encouraged arc ChloieLla pyrenoitlosa^ 
Scenedesmus obliqnus and Euglciia viridis 
Xhcrc IS another advantage in this culture 
of Chlorella in sewage ponds. The possi¬ 
bility of using Chlorella as a subsidiary food 
or Ibr producing cheap proteins has been, 
discussed in the earlier paper (IDorai- 
swami, 1963) The presence of Chlorella 
in polluted waters has suggested to wotkers 
the idea of using these detention ponds 
not only to treat the sewage but also to 
produce cheap proteins without any 
additional cost for growing these organ¬ 
isms. The idea is now being vigorously 
pursued iii the XJ S.A. The sewage treat¬ 
ment problem was also investigated some¬ 
time back in. Madras. 

Biological Possibilities of Irlass Cullures of 
Algae 

In recent times there has been a growing 
interest in the mass culture of algae, not 
only as a possible source of food but also 
for other industrial purposes. Scientists 
in the TJ.S.A., Israel, Germany and Japan 
are examining the possibilities of using 
algae as a source of energy Chlorella mass 
culture can also be utilized to use the dried 
cells as fuel for combustion which ulti¬ 
mately produces electricity. 

The solar energy that a one and one- 
half square miles of earth’s suijacc receives 
in a day is said to be ec]ual to the energy 
released by the explosive of an earlier 
atomic bomb. Chlorella is more efficient 
in using sunlight and trap it as chemical 
energy than other higher green plants. A 
^ulture of unicellular algae can be under¬ 


taken as an. industrial process where a 
continuous pioccss under coriti oiled condi¬ 
tions is possible. Perhaps the day is not 
far off when the clicinical euicigy liappt'.d 
by mass culUne of algae can be converted 
into electricity. 

AT.CiAIi IN INDUSTRV 

Apart from those using *ilgae for r«>od 
products, there arc many other iiidustiics 
which produce useful substanc.cs. Algin, 
agai’-agar and can aghccniii are .some f>f 
these besides the potash anti iodine indus- 
tvics. The latter two ai c iif)t so extcnsivc 
now because these ^aroducLs couUl l>c 
obtained more eccmoiiiically f«t>ni other 
sources. 

Kelp-. It was not until the 17 l1i 
century that the kelp industry devcltipcd. 
Kelp is a wold which is generally applied 
to the seaweeds, though originally it 
rcroiicd to the burnt ash of the brown sea¬ 
weeds. 'I'he algae most cruiimonly used 
in the kelp iiiclustiy weit^ sfu'cles of 
J^amtnaria, fuicus, Ascophyliutn, .Macrocyslis^ 
J^ei eocysits and ALariti. 'The .seaweeds 
groM'^ in abundance in the teini^erate 
watci.s. These are. collected as east off 
seaweeds or eut oft' tlie roc ks on w'hic h 
they grow. The Eish t)f this kelp was 
used to manuracture soda, pfjtash and 
iodine. Soda and potash arc used in the 
making of £ilkah for the maiiufaeturc of 
soap and alum. The discovei^’ c»f salt 
deposits in the 19tli century caviscd a set¬ 
back to the kelp tiadc of Kurope. Japan 
still manufactures aliouL 5.7 per cent of 
the world’s supplies of iodine fi f>m kelp. 
Trance, Norway and Java obtain iodine 
from brown seaweeds, while Ru.ssia manu¬ 
factures it from a red alga Phyllaphoia 
nervosa. But 80 per cent of this world 
supply comes from the nitrate mines in 
Chile. But in spite of the failure of the 
kelp industry with regard to these two 
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piorlin Js it r«»ims *i 1 m< kf^irtiirul Ut anoC}ir-r 

iiitliiNli y, ttz-i tJif f»f 


watfi pr<»inf I'lotli, Vc^TcLalile staljilizers 
like* af^ar, alffin, tind Irish moss arc prcfer- 
rcfl whcrrvcT there is objection to the use 



r’iff h iiK V. 1 * 1 ^, iMg 4 . 5 . 

I iR*.. I ’t •^**a\v/'nU. 1. f*at.frttia /•aimat/tfrmix. 2. jVtreDcysfis fuftkfaiia, Ih Afacroo'i'tis 

4. Aluria cuuirnlo, r». Mar^atsum Jslijtctidnia 


'rUfie aie thief kiuels of e<»lkiicks |ir<*- 
paieel Tienn al^ae anti they will hr 
t tnisiilei eti heie, 

Al,^iu‘, Alitin a rmieila«^iriiiHH procluet 
tiluainecl fitnn kelps when ihey are soaked 
in flesh water. AIj.;in and als^inalcs have 
assumed H;reai itniHH'Caru-e sinee IfMO. 
Al^hi is. extracted rrtnn the seaweed as 
alRinic acid or ixs, ealeiuni or sodium 
ahduate. 'I'he alginate's are used in the 
pradviciitni fjf plasties and artiHeinl fibres. 
Ah^inic arid is insoluble In cold water but 
absorbs many limes its vveipfht in whaler. 
When dry it bceornes very hard and 
horny, Nfore irnjKiitant use of alj^in is 
as a hiabili/'.er in ice creams and sherbets. 
In ice~ciram it prevents the formation of 
ice crystals and mak<?s the i<;c-ei‘cam 
smooth. It is used as a filler to randy 
bars and in saladdveasings. The insoluble 
salts have been used in the production of 


of animal ^^elalhi. Alfjin is valualilc as a 
si>dnK .suhslanrr, 

Algin h u.sccl in boiler water treatments, 
ft reacts -with calcium in hard waters and 
is precipitated as calcium alginate, formed 
as fltieeulcnt mas.scs. Thc.se can be re¬ 
moved at intervals. This expedient pre¬ 
vents scale deposits on the boiler walls. 

Agar : The production of agar-agar 
is a major seaweed industry today. 
Many are familiar with its use in the 
culturing of fungi and bacteria. For 
hundreds of ycar.s it has been used as 
sweetened £ind fiavoured gels. It is 
available in the local markets as ‘China 
grass*. Agar wevs discovered accidentally 
by a J^apanesc, about 300 years ago. He 
discarded some agar gel into the cold 
■wcatlier. Here it froxe and upon thawing 
lost most of its water and when it dried, 
it was a white fiuiTy matter. The 
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Jax^ancse found that he* cijnhl use* this 
again, to make a gel. 'J’his l<‘d to the 
development of the iiidiistiy. 

Japan has long T)cc*n the woi Id'-S leading 
producer of agar and had a monopoly 
in Us tiade till World War II. At the 
outbreak of World War II there was a 
great, shortage of agar in all countries. 
Necessity drove these covintries to explore 
alternative souiccs. A large number of 
genera and species of seaweeds are used 
as the source of agar. The plants from 
which agar is extracted are called agaro- 
phytes. Most of these are red algae, the 
principal ones Ijeing GeLidium carlilagiueum^ 
Gracilaria lichenoides and O. coitfervoidcs. 
The weed is first collected, dried and 
bleached. It is then boiled in water 
which extracts the gelatinous material. 
This is then strained and purified by 
lieezing. When thawed, the water flows 
away along with the impuiitics 

Agar Is the gel forming extract from 
these algae. It is insoluble in cold water* 
but soluble in hot water, a 1 per cent 
solution of which forms a firm gel. Those 
from other algae which do not form firm 
gels arc called agaroids. 

There arc three types of agar, the 
Celidium type which sets firm even when 
dilute; the Gracilaria type which sets fii'm 
when more concentrated and the Chondius 
type which sets firm only if very concen¬ 
trated. 

Besides its use in bacteriological culture 
work, agar is used along with glue in 
adhesive preparations, as a substitute for 
gelation; in. foods as substitute for white 
of egg, and a thickening agent in ice¬ 
creams, sherbets and pastries. In medi¬ 
cine, agar is used as a laxative and for 
dental plate impressions. In cosmetics it 
is used as an ingredient of greaseless 
creams, ointments and lotions. In textiles 
it is used to size paper and silk. 


Garraciheefiin 'I'hc extiat't firnii Irish 
moss t»r Giumdrus cii'ilins is known us 
run aghccnin, 'Tins ,snl >slanc‘r is similar 
to ngiir, but li.xs a higher iish rontcriL unci 
a hiwer gel siirngili. 'I'hr iiir)st inipm'tuivt 
use of rurraghmiin is us a stabilizer in 
chocolate, riiLlk, icr-rrc*uins, .sheilieis, 
salad dressings and IVnit syinp. 

In medicine* it is usrd in rmul.sioiis and 
tablets. It is used in insect sprays, in 
sizing of cloth and Iii^h moss 

powder is used as a c*la.i*irying agent in 
breweries. The cloudy solution of' malt 
extract contains insoluble* and ntiwanicd 
proteins, '1‘hcse run br icmovrd either 
by settling, wliirh is a tedtous iiroress or 
by ‘fining*. Irish mo.ss is ucldcd lf> the 
brew wliilc it is lioiling. 'I'ht* geliitiii 
freed Horn tlir weed unites v. ith the tannin 
from hops to fi>rrn a florculent scum 
enclosing the impurities. Tlic arum is 
skimmed ofi*. 

It IS a <‘ommori lielief liiat coral leeis 
and atolls arc generally fonnecl by the 
skeletons of stony corals. What is not so 
commonly known is the fact that the 
skeletons are ccmcntccl togctliri by 
coralline algae and the lime shells til* 
other maiinc': orguniams. ll is not 
impossi]>lc for some rock foimiitions to 
be formed cnlirc*]y of the lime sccrelit»ns of 
algae alone. Certain marine algae l.ithft- 
thamnion and Ilalimeda arc impoilant 
agencies of precipitation of lime in the 
form of coral reefs. Blue green algae 
have also been responsible for vast 
stretches of limestone beds. It is brlievrcl 
that large deposits of lime found in the 
sedimentary rocks of early geological eras 
were xaroduced by algae similar to the 
present day blue-greens. Around the 
basins of many hot springs may be seen 
the coloured deposits of travertine and 
sinter which are the result of the deposi¬ 
tion of calcium carbonate, from the water. 




ition of Agar, 6 . Raw materials, Cracilaria and Gelidium- 
Rinishcd. products in the form of slips or flahes. 

Prom ^mpos-itttn on Algology, I.G.A.R. 
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rig 10 and 11. HaiVesfcing of kelp. Fig. 12. Macracyslis pjyrifera. 
Fig. 13 Echloma cava, Tig 14. Fucus serratus. 
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As the al^ac* ust* tlic* tlisst»lvc‘<-I carbon 
dioxide foi their phc»tosyrithesis tlie lime 

d<‘jH»sitccI. C‘aU’.iictjpcljlilcs ctftcn 
slnnv 21 J'iiidi.'d com ciiti ic sti iu tmc \vhirli 
is associated with j*.rowth of (Urteocap^a 
and l 3 t*|josits cjT mtit t in 

Ivlicliij<2iii air s.iid tn be <Iue to CShara 
wiiirli absorbs (2irbt»ii clicixido riom wiiter 
satmated with calciiiTn salts juepi- 

tates the lime on the ‘leav'cs’ of the plant. 

Anothci very tinitpir jifrr)U 2 > f>r or# 5 anisms 
which has coiitribtite<,l to the formsitioii 
rock beds arc the diatoms. 'I’Hcsc arc 
nriicelluhir s%*}tli two halvtrs t>r cell walls 
which rivcrhip and fit together like the 
two halves <if a pill cajisulc. 'Pheir cell 
walls jire iinprcj^niilcti willi silica in 
drfitntc iisittcrns, Wiicn the orf^anisms 
die the cell-walls fall to the bottom and, 
liecause the slUc.i, they are well 

in*<;s»crvcd. <)ver rnitlions of ycitis these 
deiiosiis have c<»Ucctcd iind formed into 
rfieks, cUie t<i [irossvirc. Ourin^ the 
Mfso’-coic: Cl a tlic dititortts and diiioflaKcI- 
i^ites reached tlicir jmiximtim j'lrodiiclion 
£iiid fibundanre in the oceans. *’J’lic 
dciiosits of thcise days are n<jw exposed 
i]i some areas and lhc.se rock beds arc 
now cpjarried as tlijitomtvccoua or Fuller's 
eartli. Some of tliese beds arc very 
exlen.‘ij\'c. C7iic of llic larj^cst is in 
Ckvlifbrnia near Lomjjoc, which covers 
12 square miles and is 14,000 ft. high. 
It consists of x>ure diatoms. One cubic 
inch of this rock will hold 40,000,000 
individuals. 

13i2ttomaceous earth is used in tooth¬ 
pastes and powders, in silver polishes and 
in other i:>olishing material. Because of 
their line structure, these i^owders polish 
well without scratching. 13iatomaccous 
earth is used for lilters in sugar refineries; 
and as bricks they are used as insulators 
in boilers and furnaces. It is also used 
for transporting dynamite. 


Uiatoms store oil in their body as part 
c»r tlicir food. Accoiding to one view all 
pctioleum deposits £ire formed by the 
decay of animal and i:>lant life. The 
fjiac cs wlicre oil is now found wex’e once 
under the se«x, Gountlcss number of 
£iniin 2 ils and plant.s which lived in these 
oceans must have settled in layers at the 
bottom after thoir death. Over this weic 
laid layer.s of sixnd and mud and these 
were gradusilly turned into rock. Very 
small liolcs and pores in the rock held tiny 
droplets nr oil and btiljblcs of gas which 
were all that remained of the living cells. 
'Phese rose upwards till they came to a 
Ifiy'er of r<jck that had no pores. 

Ai.OAt; IN uNusuAi. i*i.ac:e.s 

So far wc liavc considered various 
algae in their ntilural l^abitats and their 
uses. Wo nuiy as well consider algae 
living in unusual ):>laces. Ivlention has 
been made of soil algae, but truly terrc.s- 
Irial algae may be found on tree trunks, 
like ’T'renlepohltd, C^aphaleuros vxrscens is 
a parasite on tea (Red rust of tea). 
Ivltiny arc epiphytes or epizoophytie as 
those on shells of snails or gastropods. 
?Some adopt a hitcli-hiking technique. 
Xhey ride on other moving unicellular 
organisms and thus derive all advEinlages 
of a motile organism, though they are 
tlicmselves attached. An example is 
Characium on CLosterium., 

Some algae tire endophytic, such as 
Entocladia inside Rhizoclomiim. Anabaejia 
lives in Azolla and a species of this is even 
reported in the leaves of the Egyptian 
clover— T'rifolium alcxandrinum, and every 
college student knows that Woslac dwells 
in the coroUoid root of Cycas. 

Algae in association with fungi for 
a compound structure the lichens, 
sloth cai‘rics on the scales of its hairs 
red alga— Cyanoderma. Certain species of 
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ibuiul even in tlie ii\testincs 
of man and animals. ^ooriilorolUic are 
fc5und grt>whif? symbiotically with Infuso¬ 
ria. A. species of red al^a Hvc.s in 
cells of sponges. Some animals of the 
protozoa and coelcnterate groups ran live 
wltliout feeding because they have in 
them green algae. 

Thus it may be seen that algae - the 
*mcrc pond scum’ of which no cjnc lakes 


any iK»tic*e-—arc so intimately a.ssociatcd 
with lives of' men. 

UI'.fKKKX( IKS 

CV-.J. If‘n2. 2sfa( iiiillaii jitlcl 

Vt»rk. 

Uc»^Hls^^at 1 ll, S. PU>U, Al^at* in Our I i\ ns. 
Sihftol AtXir/itr, 2 (’b ' C»2. 

Kltc'lii. liicUmti ialiy-alirtn nf c'cli>)If 

C.htftrtUa in lief* ^Ittrnali’ae Hex. Inst. 

1 (1) ; KH. 






Acharya PrafuUa Chandra Ray—(1861-1944) 


my Arlc!« ihf Sr ic'ii<-r* 

C’f»lii 4 rr'"‘‘S. .»t Hrwilkr-r* it .itr-r! I*v r»tir 

r<JiiTir-r l*srNwlri?t ihr Lilr* I>r, K.ijr'iirlra 
Pra«iarK I >f4iJrrltha« iSir pjr-c^'iit |>i*»mi*ss 
rif .sciriit c' .iriri !«’«: lmT4<i«4V iii ImSi.i It.is 
tr> Ui ilir* a* iiirvriufiitH and 

tlrs'<ui««u U* ‘ciriiKr ufArharya l*.Ch Ka> , 
Ai-liaiya .J.C'. Iht'f .mitl Sii ChV. Hainan. 
Aclun ya Kay* wiili wlnnii I w «ts intiinaic*l\ 
latiH? fnr ovri 47 \c*hh, i.c.* (iniu 

Ri([l7 l«t 1*^11! irtKidc' t»»m nr>t«ild<* c«»niri- 
buliriniH (Cl (hr «nK> im< rttirnt cd'chr 1 ncliati 
lull ton ; 

1. Iii(( ctdiir Cfcili «*(' .irtlvr icsriilfli 
^^ciik til ^liriKc in dn* Indian 
roHcr/cr** «iri«l iiiiix'f'rsilirs. 

Vi. Ifi'^pii'in^ yriiDiK ImHaits to follow 
St irnlilir piirsiiit scruinsly, 

3. I’romoiioit of the ntniyatiem of 
ravv itialeiiaH and natural rc- 
wiurrc^ available in (bet counlry 
for the nianiifacture of chcmiralR 
and 

4. PlaciiiK brrfore the world tlie early 
Indian iU'hicvemciits in science 
and medadiin in his Ixiok Ilisiorjf 
t>J Jltfitin f .VirwiM/ip*. 

iHs researches on die*, isolation nnd 
jiroperties of the new compcninds tner- 
eurcjus nitrite, iiimnonitim nitrite and 
amine nUiUcis and other nitrites have 
found an important jilacc in textboriks on 
chemistry. Ilis devotion and love for 


N. R. Dhar 
Shield Dhar In,stiiut& of Soil yScience, 

T'jiiirr.siiy of Allahabad^ Allahabad 

lest'iii'ch w.is c'oiitav^iotis and lie inspired 
a 1.(11'c ntiMilic*!* ofyoiin^r cdicinists to take 
np s< ifiiijnc piohlfins, and tlius research 
wrnk hccftnrn a regular piogramme not 
only in tlie Presidency' C’.ollege, Calcutta, 
where- he toiled for over 2Bycai.s but also 
ill the Srirnt c Cloilege which wa.s c&ta- 
hlishcnl l>y Sir AsImtosU I\'Iukhcrjcc, On 
mimcrous oecasion.s Acharya Ray put 
loiwai'd hofine the Senate of liie Calcvitta 
I'nivcnsity and clKcvvhcre the legitimate 
chtiiiis ofsc irntilic education and research 
in Inditiii I'nlvcisItlcK. 

C kmscfinenlly, the facilities for research 
Work in Cl.dc uLta in the Presidency Gollcge, 
Scirncc* Cltillrgc, Indian Association for 
llic Cliiltivatioii of.Scienec, Jadavpur, Bose 
Rcscarcli Institute, Class Research Insti- 
liilr. Jute KescarcJi Institute and many 
CJovcriiment laboratories are almost as 
good as in any capital city of any indus¬ 
trially advanced country. 

Air. n.R, James, Princijial, Presidency 
College, Calcutta, stated in 1912 that 
I>r. Kay was successful in developing the 
chemical industry in Bengal -where busi¬ 
nessmen had failed. The Bengal Chemical 
and Phaimaceutical Works started by 
Acharya Ray soon after his return from 
Kurope in 18811, is perhaps the biggest 
o<inecrn of this type in the whole of the 
Kast, 

His writings and publications reveal 
liigh sentiments and fccling.s and great 
concern about the poverty of our people. 
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In reviewing his autobiogiapiiy. f tfr /?««/ 
/experiences qf a Bengali C.heini\l, the i.tmr»ns 
Briliah scicntilic weekly ,\niui*' \vr<»tc : 
‘From, the Ix-tiiniiiiiLf ut (lie end the 
message* of the hnnk is one ol the liiglicst 
endeavour ■‘“pulsating with vitality aitc! 
Intellectvial Ibrcr'. It is no wonder attch 
a great man possessing marked aI>ilUy, 
great honesty of purpose, cxtrcincly 
methodical habits, tremendous energy of 
action and thought, instinct of immense 
self-sacrifice, great patriotism and above 
all supreme love for his pupils and for 
the suffering man, was adored by the youth 
of India, and his influence has spread all 
over the country thiough his pupils. 

KESEARGU 

He made notable research in nitrile 
chemistry since 1888. From 1910 on¬ 
wards, he was keen on the investigation of 
nitrites from a physico-chemical point of 
view. Along with Prof. S.C. Muklicrji 
in 1910-12, he carried on researches on 
the freezing points of nitrite .solutions. 
In July 1911, when I humbly suggested 
to him that the electric conductivity 
measurements of some nitrite solutions 
may be taken up by me, he was exceedingly 
delighted and asked me the question, 
‘Gan, it be done in this country?* It was 
felt at that time that conductivity water 
could not he prepared in our country. 
With the active cooperation of Prof Ray, 
electric conductivity water was prepared 
for the first time in this country in a small 
room, rather a cellar, at one side of the 
stairs of the Presidency College, Calcutta, 
in 1911. With this conductivity water, 
the electric conductivity of almost all the 
soluble nitrites was determined and 
several papers were published, specially 
in the journal qf the London Chemical 
Society^ and these received favourable 
comments from the late Professors Sir 
Henry Roscoe, H.B. Baker, Sir William 


'I'lldrii. .Sir Ciilbrit >^loigaii and othvis. 
Xliesc rcsuU'v liavc bern rrnhncli<*d in 
iiUTi»cr<»us lrxt])Ot»ks in iiKirgaiiic' and 
physical i hemistry. Ills disc*nvt*ry nf 
mcrrurf»iis nitrile and resrarrhes nn nitii- 
trs, liypu-nitrilcs, vaimnr density of ihc 
unstable siilislanro ammoiiiuin iiiti ite, 
organic snlphnr cninpouiids, videnedrs of 
gold, platinum and other metals arc of 
great importanrc, and r.iised him u> the 
rank of an cmincrnl .sc-ieniist. 'I’he later 
generation t>f Indian chemists Nvtudd <lo 
well to study ihcHci original ptipcrs in the 
periodicals cif the htuiclon and Indian 
Cliemiral Soeictles. 

i>t;m.K;A i loxs 

llis mc)mitnrnlal publication, l/tx/nry n/' 
llindtt Cehtmi'ctry in two vc?liim<ss aitrac’tccl 
wcll-mcritcid praise all over the \Norld. 
Men like \tareelin Bcrlhelol, Sir Henry 
l^tjseoc, Sylvain Hevl and fjlher great 
authorities have described it as a i>ubli- 
cation of great merit and value in Lh<? 
history of .sciences. X'or the fir.st ime, 
an Indian chemist ctmeluslvcly proved 
that the Hindus were gicat pioneer.s in 
steel making, caustic alkali preparation, 
and in the medicinal applications of iron 
and mercury products, and that they 
were very much ahead of people of other 
nations who adopted these procedures 
from our country. Intellectualsupertority 
of the tliudus, even in. the domain of 
practical science and its applications, w’a.s 
established with great ability and 
authority by Prof. Ray and this is a 
contribution, of first rate importance tcj 
an Indian natioii which has a big past 
and has perhaps, a very l>ig and promising 
future. 

INDUSTRIAEIXATIOH 

For over 40 years he preached the 
gospel of industrialization of our country. 
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He iBu-" i.'iiI'.altSfl ,*i8«i i>nis- 

perilv «hc’ sfusanfs^, (aiatuvkt ii»t i e-t-^e 

tSic* ivitttisli les. 

He ni !hr*l «8se at«\a. rn,>(c*t i>.t|% 

avail.able aiifi pirwiisretl in »)ii^ r *»umry 

shaiiUI br <nJl Sssjer pirMliicts 

by InaiJ.iii’- sia Imliyin vtaiiK^ fa« c«ti ies atari 
VMru'kfalirtp^t l»v liaclB.sit^ aitrl \s<4rke<l 

^ailh Iiiribait r.f|>Bl.a3. i< ullriral piir- 

stuit*" aintjc'. even ^t irtatslii: .itly varir ir*cl anil, 
caiitirrt sr»Kr llie pr*»i»!em aal' prtvmt>- in 
(his rr«tiiitt\. atari Itr* mip]iaHi>>eri that 
India iimst j^rtnUire all llic; ntaleiials 
erinjsiimecl in ihi'r ’I'Ixis wa's a 

^eac r«»rrt!irtiiii;lil, (He Heneiics i!*r whieli 
we have jiiM Hemin in reap. 

The Hein^.ti C:iieinu al aiitl lMi.ii mat e- 
iilitMl Woi k«k, **r whir h he wav. the fmiiicler. 
\% a hrst-rate piac (ir-a) c!eiti<iiiviratinli of 
his |>rer'epu lovvai rU the itirHistrhili/alioii 
(if ihe crnintiN. ijrarlv fid yc.iis. this 

tniurtit was his heait anti senil anil clue, 
to his Mieiifit r .iiicl lalHitirs, it in (he 
hiR(<est nriaimrar iiiriiiK rnirrjnine ft>rdruj<n 
(n the wlifde nP Ania* proving to lie an 
immortal edifire to the credit, tiHility, 
.sierlinjtt eharai tcr and naerUire of this 
great pioneer. All his life, he InHintccl on 
yount? iricu atitl women not to rely on 
jolin Init Co ^o into Httsincnn and indus- 
trirs and hr niged ns all to follow the 
example of the Xfarwaris. Hisadvieci»» 
I am happy lo sre, being followed by 
many. 

t.^NlVERSITV <JOI,l.E£JIi CjK SCJIENCJE & 

Aehnrya Prafulla CUiaridra K.ay was 
iristrujmenial hi arousing tlie enthusiasm 
of the great educalioniat of India, Sir 
Ashulosh Mukherjer, for collecting funds 
for the eistahliKhment of the University 
College of Scienre and 'X*cchno1ogy. 
When the Prtifessorsliips of the Ancient 
Zncliun History and Culture and Philoso- 


pTiv were cie^itccl ni lOK'-ll, Achaiya 
R.iy m.idc a stiong plea in the Senate Xbr 
the cieatinn al' CUiairs Ibr Science m 
the C:.ileutta University. Sir Ashutosh, 
who was the* Virr-Clliaiicellor evt that time, 
assuicd him that he was horjcful about 
neatiiig Srienre Cauiirs in the iiTiincdiatc 
liiture. M'hc Calcutta University was 
only an examining Ijody before 1910. 
Sir Ashutosh tried to eomplctcly Indianize 
the C;alcu(ta University and convert it 
into £1 great teaching and national uni- 
versily, lie was .successful in collecting 
iicai ly 0(1 lacs of lupees ftom bciiefactors 
like Siiri X.N. Palit, Ur. Rashbehari 
frhose and l_)r. XIahendranath IDey and 
Shri K-haira Kaj for the creation of 
C!haiis in pure and applied sciences, 
"rims a splendid college of Science and 
TrrlinoJogyV a unicpic iii.stiluiion of ihh 
ty[>c, came into existence jvv 1914. It 
is mtcrcsting to note that one of the chief 
clauses of ilic Pa lit aitd Cjliosc lindowments 
is that none hut Indians arc eligible for 
these Chairs. 

"Phe other great Institute for Science 
and 'Pechnoiogy in India in the Indian 
Institute of Science at Bangaloi'C started 
in 1918 by the munincen.ee and far¬ 
sightedness of that great Indian Jamshedji 
Tala, This In.'itilution was first entirely 
manned by European pupils of Sir 
WiliiaiTi R-amsay, who came out to India 
to advise the Tata family and rlic Govern¬ 
ment of India for the establishment of the 
Indian Institute of Science. For the 
first time Indian, scholars had ample 
opportunity for tlie teaching of science. 
This was a landmark in the history of 
Indian education and technology. All 
provinces in India had first-grade degree 
colleges managed by the Government, but 
the facilities for research were inadequate 
at these institutions and senior teachers 
were mostly Europeans. 



Xhe example of Calcutla I, "iiivri siiy in 
concentrating posi-giaduau* insliut ihtii 
at the TJniveisiiy mav he jiioiitaltly 
emulatccl )>)•’ r>lliei' I hiivej.sj tjes in tlie 
country. In the and on the 

continent in France, Cieimany, Norway, 
Sweden and Holland only postgradxiale 
v/ox‘k and research work arc carried on in 
the Universities and LcchnoloKieal Insti¬ 
tutes and the technical High Scltools of 
University rank, and tlnit is liow science 
and its applications receive a tremendous 
impetus in these countries resulting in an 
increase of national wealth. The Claleutta 
Univer.sity is rightly following the Clonti- 
ncntal method and not the English system 
as typified by Eondoii, Cambridge and 
Oxford Universities where degree work is 
associated with research W'ork. I may 
point out that Calcutta shares almost the 
same privileges for research as a model 
University centre in Euopc. 

KUMAN P.EI.ATIONS 

It has been a good fortune foi me that 
I was in intimate association with my 
great gurUt Acharya Prafulla Cliandra 
Ray, since 1907 when we n.rst met. He 
took me as his puqil and our relationship 
and association deepened with years till 
his death in 1944. He was a very kind- 
hearted and remarkably active man and 
anhighlyalTectionatc andinspiring teacher. 
He adopted me as his intellectual dcsccn- 
dent and insisted on my living with him 
at his house on the top floor of the Bengal 
Chemical and Pharmaceutical Works 
Oflicc. Pie was a great scientist and a 
nationalist and a true friend of the student 
community. As the Professor and Head 
of the Ghemistiy Department of the 
Presidency College, Calcutta, he used to 
draw Rs. 700/- p.m. and out of this he 
gave away Rs. 350/- every month to the 
deserving and poor students studying in 


the rfillrgesiii C.ilcuiia. Hr also c^tjulii- 
buted Kv. tc» the Br.ihuio Clii Is’ 

Sc'hcKii, xvliirh was luii by tin* l.itt* I^aclv 
Ahala Uosf. lie* usctI to make .siinilai* 
grants to oLht-r ftluratiorial and chaiitabk; 
iuslitutioii?^. llr- i cnili ibuK'tl Rs. 4(»/- 
p.m. to the latr* l>r. 11. K,. .Sen, iht- <*inine!il 
organic and iiuUistiial chemist during a 
period of three ycai s wlicn lie* wasstutlying 
for a rnast-r'.s tU'gice. Ilis ptvsonal 
expenses did in»t ('xcced 1.50/- p.m. 

including the inaintcnmu c i>V a caiiiage 
and htirKC- '1‘liis was uvc<l by him it»r 
going t<» the fort t)n the hiwns f»f which 
he look long walks and iclaxcal alter a 
iiard flay's work. 11<* litei all>‘ lived for 
science, itir the country an<l IVn his pnjjils 
who coxiltl not av’cnd the coiuaghm r»i his 
inrcclive xcut for seeking new knc»%vledge. 
Plis plain living and high Ihinktng was 
noble example to the teachers and tlic. 
taught. He was a licalthy' cfiinbinatiou 
of idealism, practical ctunnionseiisc! aiul 
philanthropy. His mind was intensively 
active and his thinking idear. I firquejitly 
wish that the prcjsent geiuiration vvoidd 
follow the ffiol.stcps of tills gre£ii savant. 

He was also a vetry great teacher who 
may, perhaps, be ranked on par with the 
greatest teachers like liielng, IltiHimin, 
Dumas, Bunsen, C^stwald, Pci kin, Robin¬ 
son, Svedberg, Arrhenius and others. 

RELATIONS WITH STUDENTS 

Sir P.G. Ray’s laboratory at llic Presi¬ 
dency College and the Scicnec CJollcgc, 
Calcutta, has been descrilied l>y the great 
Orientalist, Sylvain L.ovy of J-*aris, and 
other great men, as the nursery of Indian 
chemists. Duiiug the period of nearly 
50 years he inspired young chemists and 
physicists by his contagious love oiTearniug 
and keenness for the advancement of 
science and its applications, and by Ins 
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N,-'" ^ 1.. ■- %'. 

cxiuniry- 

Mc“ hi>i “ 5.^’'‘i‘i ** ■-•“ •* ’-*•'1.'* ■*! -it 

sfSi f^'3--. » s h.»'« 

cofitr»!nnc':<?l -i *■:'■-'■' »?'r 5'-wc- ,3r,r'!-.p- 

fncil*^ 8J6 '"•■* s*'’ . ' -5 3 4" 2 4^ ■’■• n •li’ ' wlmi »8 45C 

the %r~%y IS?-- ]*r| s?- 

pupiU arr 1 r' I <-2 Hr-- 

seart'h ssj ssj' -«b'4»;S 

re^c^rt In <«rj3f4«r'* *.i 'I r-i v 

grtrat a<f l»5'^‘»e u^»'9*a. 

Wlaeia 1 5'i 5» ^ «* < ',* i ^*r4^r«■ ♦*! 

sci^^ivlihe r■■^^ t34 » * •istjfi •>,. rsi^'Mi'V 

lh«n>p[hl*4 nja-i* Biii-.S4*^ lS,«ivr* 

the tilrviiti'•"« sh*" '^ «S’?-<• %-5,1'ait!* gh*- 

pir»nirrr?» ■*«f jrs-v* e I 

IJa'fli the larva i^ejar-s^aas***;* I«4*5rf.ai» -.« 

tiftts the pe«'<eu »"T rj3<i r -ns-i^T .^kijul 

dcVMlu-tn *4' Ssi* I (" •'» trA", 

K.»'»llt«»iPU / Whv ‘'1"* e 3"<4» .*’T 

tlir 4iV rs I l ** hw* h ■«»» g ?«• 3 «a».«»! *»•-<« leer * 
Perliai*** <Ue 4.->rs«“ 3'ihe ihr 

appmi*j« rT'hsp ■vi >*4 I»*«8*-4J4 ^?srnre 

ju&l 3»i\ the fi« "kir V# ^ r^af*. «4 «3*e liUi^ t iriiuii'v 
were the et« ? aff ^»f 

Kitrc^pe-^s* « he»3i5-ai«^v . 1 he jjje.Bl -trlsjr^e* 

raeJtti’^ ic*r i's Sr<v , C .'4»v euKSa-iJa, Sk hrele, 
Ul^ck. I..i4vM3’i-«ei .jssai “xBUes-j .>i84<S tlir ticla 


h.at'we^^e f^f ’a.nentifir cliscovci y wcic leaped 
111 xhr Lum hair IBth ccntuiy. 

W !( I lliiiih <»r tlie j^rcat and the kind 
iri^ss* and the deep and aluding? love, 
Ksnchie'- i.., tenderiirst and simshino leccivecl 
trt.irt Isirn and tin; liappy and inspiring 
\ear->> 'i-priit at Inn feet in close association, 
rnf* liearl W filled with joy and deep 
ftratitndr (hat ssuch a prince of princes 
atii<t*n^*>.l men \va« horn, who was hy 
preference and clioice a socialist, saint 
.ifi«! a fakir. 

2Viy inv*iriril>lc belief is that finally 
%$ iciice and peace will triumph over 
i»jn<t*raiic:e ami war, and that nations -will 
tinile not lo tlcsiroy but to help each other, 
«ind llic fnliU'c Nvill belong to those who 
b,i\e<lone most for the suQbring humanity. 
India ja going to lake* its I'iglitful place in 
ihi% true |imgrcss and onward inarch of 
< iviliviaiioii, and the name of our great 
nfBrrw will be ranked along with those of 
Ra|a Ram Xiohan Roy, Kw’aimi Dayanand, 
Swaint Vivekananda, Sir J^G. Bose, 
H*ibiitdraiiaih Tzigorc and Mahatma 
Cf.tiidbl arul others in. the making of 
lndi«ii great nation. 


I 4 f Ufr .V l^ary^t CZlianrIrn 

Hat. jfcj.?»M5as4»'4f IwEvita ^re frrsm llw article I»y 

S.O ?* Ri.v ?#s "Wb ^ r*r/f .ttTi Mi. Aiigumt, I9fil - Kd. 


.\t-Iuirya Prafulla Chandra Ray (1861—1944) 


THH ycrfi lHi*| an r^eniffisl ye^Br f«»r 

India, a-i. us flsat ye^ir shree ^re.it errt«rie»n 
som «»f her, K..«b!if*4r*aftaih ’{'.afjore, the 
great imei iuiti ihusker, Piaimht 
Nelmi, u. ?'fe;4« puhter^fll le^sider and a 
fighter for the rrcc-d«.»im of K^%%r crotaniry and 


Acharya Frafulla Chandra Ray were all 
liom. 

Acharya Ray was born on August 2, 
U1«I in RiJurulbKatijiara, a village in the 
district of Rliuhia (now in Pakistan). 



:\r>\ 


•^r \%tkf\x i! V*# T 


Born of a dislini|t 5 uislir«l v\cH-lo-ilej niBcUilf* 
cla»s famUy, Pralulla Cdiaiitlia Hlaiir«l hiv 
early educfiiirm in *i vill.n^^c srhf>*tl. lli^ 
fatVier, TIarisli C^iianclru Kay, well 

versed in Sanskiil, Persian «ui«l 
languages, ami acquired a reputatnm l«n 
his learning and liberal views. 'Fbe habit 
of Tvec and rational thinking., vwltieh wiv^ a 
dominating feaiure of Prafulla Clhamha’'?v 
life, might be traced Ui tbc. ixtfUicuec of his 
father as its origin. Ilia suliseqncnt tiaiii- 
ing in the Alliert School and llic ^.Itrtrcipo- 
litan Institution in Calcutta brought him 
in contact -witlT the great religious refVir- 
mcr KLcshab Chandra Sen and with 
Surendra Nath Banerjee, the father of 
Indian nationalism. The cltiqucnec of 
the former surcharged with religious fer*' 
vour, and of the latter with passionate, 
patriotic, appeal, left an abiding impres¬ 
sion upon hia mind. Service of his fellow- 
men and work for the rcgcncratlcnt of his 
Tnotlxer country, which artcitvsircls became 
the mission of liis life, were ihxus presented 
to him as objects of high endeavour, and 
he was notslow to be profoundly Innuencod 
by these ideals. Though an ardent stu¬ 
dent of literature and history, he used to 
attend, while a student in the Metropoli¬ 
tan Institution the lectures of I*ior. Pcdlcr 
on chemistry at the Presidency College, 
which stirred his imagination and aroused 
liis interest and curiosity in chcmistiy. 
Pursuit of truth by the cxpeiimental me¬ 
thod of science and its rational process of 
thinking at once made a strong appeal to 
young Prafulla Chandra’s mind. At the. 
same time he did not fail to foresee that 
the future progress of India was closely 
bound up with the progress of science in 
the country. So, in spite of his predilection 
for literature and iiistory, he look up the 
science course for his B.A. examination 
with a view to studying chemistry at 
the higher stages. But he did not give up 
bis interest in litei'ature and history, and. 


<fiiiiinH4*d lln" stiuK of ri fmoniii's and 
pivlifir He .jKo Ic.n nt I,ulin ;uul Fienrh. 

Ill IHJtU PiahiUa C'bnndm left for tVie 
I’liilrtl K.uig<loit\ the Ciih liiisl Kcholar- 
Hliip atul •viudird I'or -^ix v t*iu s in Fdiuhurgh 
Hi»i\risiiy. 'l lirjt* he f.inic imdc*r Ihc in- 
llifcncrctl P» •* Tuit iintl Chum Blown, 

Chum Hi own wn-* f*iu‘ t*C flir most pliiloso- 
phtc.illy niiiulntl i hrJtii-*i«< f»r the time and 
ills iioi sutpii<iing tliat PrtifuIUt CUiancha 
\vi^^ naturally attuc lictl to liim. 

In 1BB5. wUiU* a Mudrnl in the B.Sc. 
class <»r the F.diiibuigh bhiivcrsily, PrEifulla 
Clhaiiditi in\>elctl I'or ilie axvard r>f a prize 
by iliC I*iiiveisity for an ariiele on India 
beftue niul jifiei the >kfutiny. Tliough 
not eoiisiclcrctl llir best, Chiandia’s 

arliele was flecUirrcl by the examinicrs as 
the neart'si ajipi osieh to the hest. 'I’he 
nrtiele was full of fliatiibes Eigaiii.'it the 
Hrilisii rule in India, ref>)ele with .sub-acid 
humour. Never theless, it received un¬ 
stinted j>rai!*e fr<Ta its examiner, Sir 
William Jvluir, the PiiiieipaV of the. Uni¬ 
versity. A tcpivui cif the article, was pre¬ 
sented to the great Pai Uumeiilai ian, John 
Bright, who was regarded as a friend of 
Inditi, Brxghrs sy inpiithetie reply to 
Prafulla CUiandra, ivliicdr appealed in all 
the leading papers of the United K-ingdom 
wMth the. bead-line ‘John Ih ight's Tetter to 
an Indian .SLuclenP, ereatecl a stir in the 
political circles of Isnglancl at the time, 
prafulla Ohanclrsi, encouraged by the re¬ 
sult of his first excursive effort in the li¬ 
terary field, publislicd in 181U> his JXssajy 07l 
India in the form of a inioklet wiilch ad¬ 
ministered a mild warning to the British 
of the disastrous consequenees of their 
reactionary policy in India. 

Tn 1887, Prafulla Chandra was admitted 
to the T>.Sc. degree of the Edinburgh Uni¬ 
versity for his research work in chemistry, 
and was also awarded the FTopc Prize 
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iSchc^ltirship of Lhc Uiiivci sity, Xlic mcm- 
l)ci\s of the Chemical Society of the Eclin- 
burg:h Uiiivcisity elected him as the Vicc- 
PrcsiclciiL of their Society, of which Piof. 
Cturii Ih own AV’as llie President. 

Ill IhBh, Prafiiila Clhandra returned to 
India and was ai^pointcd in IttBO as Assis¬ 
tant Profc.ssor of Choinislry ni the Pred- 
dcncy Ctdlt'|?o on a salary of R.s.250/- only. 
During? Lhc 28 years lie served in this college 
he built up a great icputation as an in- 
spiiing teacher, an ardent investigator, and 
as a historian tif chemistry of rare critical 
judgment. Inspiicd by his teaching and 
by the example of his life of ascetic self- 
denial dedicated to the service of the coun¬ 
try and the liumanity, and above all at¬ 
tracted by his very lovable and sympathetic 
l^cr.sonality, bands of brilliant young men 
flocked round him in his Iaborafoi*y, lead¬ 
ing to the formation of a nucleus of Indian 
School of CMiornisLry. I-Ic thus came to be 
the picuiccr of chemical education and 
chemical research in India. 

Prafulla Cliandra’.s method of teaching 
wns a departure fiom the beaten track of 
pedagogic convention. I-lLs lectures to the 
class were not only illustrated with nu¬ 
merous experiments, but were intcisperscd 
with inspiring anecdotes fiom the lives of 
great masters and pioneers of science. 
Xhese lie M’ould narrate almost dramatical¬ 
ly with a view to making a bridge between 
tVic minds of his pupils and the makers of 
modem chemistry like Priestley, Lavoisier, 
Scheelc, Gavendish, I!5aLton, Berzelius, 
Liebig, Wohler, etc. The stories of their 
strugglc.s and ultimate victory were meant 
to serve as an iJispiraiion to the impres¬ 
sionable young mind. Pie also took good 
care to make his lectures flavoured with apt 
citations from Shakespeare, Lmerson, 
Ivladhusudan and Rabindranath, who 
were his favourite writers as well as from 


many Sanskrii. alchemical treatises like 
Rnsaratnakara. by the great Indian alche¬ 
mist Nagarajuna, and Rasaratnasamii~ 
chchqya by Vaghhata 1-Ie would not 
forget to weave into his lectures even mat¬ 
ters relating to social and political regene¬ 
ration of the country. For, he realized 
that the education to be effective and. use¬ 
ful must form an integral part of our life 
and not serve as a mere appendage or 
garment for display. 

He would not care to adhere to any pres- 
scribed textbook or syllabus. Textbooks 
with their limited contents, he would as¬ 
sert, could seldom satisfy the curiosity oi 
craving for learning, they were of use in 
that they served as reference books. 

TSver since he took up science course and 
adopted chemistry as the special subject 
of his study, he cherished a desire for 
the application of knowledge of chemistry 
that he would acquire for the welfare of 
hi.s country through the development of 
chemical industries. After five or six 
years* service in the Presidency College, 
when, he gained some confidence in his 
ability as a teacher and investigatoi', 
Prafulla Chandra thought of giving a 
practical shape to his ideas and decided 
to set an example himself. 

ITe stexrted preparing common phar¬ 
maceutical products for the market in his 
own house at 91, Upper Circular Road, 
from the locally available raw materials, 
the savings fiom his own meagre salary 
supplied the capital for his enterprise. 
After some struggle and uphill fight against 
adverse circumstances he succeeded with 
the help of one or two friends as partners 
to open a small pharmaceutical works 
under the name, IBcngal Chemical and 
Pharmaceutical V/orks. It is now a well- 
established chemical and phai'maceutica T 
works in the country providing employ¬ 
ment for thousands of workers. 
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Tlistoiy of scicncse and parlirularly lh<* 
Ivisuuy of chemistry had always a fasci- 
nation. for him. A letter from the 
illustrious French savant XT. Xlorlhclnt 
in 1^97 asking: foi information about Indian 
alchemy served as an mspirati<in and im¬ 
petus to Prafulta Chandra for rompiliiig 
a History t>J Hindu Ghemhtry. T‘his monu¬ 
mental work has been rightly acclaimed 
by all competent critics as a vahtahle con¬ 
tribution. to the history of science. It has 
proved to the -world at large ll\c antiquity 
of the knowledge of chemistry In this 
country and of several chemical processes 
unknown to the icst of tlie contemporary 
world. It has undoubtedly helped in in¬ 
fusing a justifiable .sense of national pride 
in the Indian mind. 

Prafulla Chandra’s researches in the 
Presidency College chcnLical lalioratory on 
mercuious nitrite and its derivatives fid- 
lowed by those on amine nitrites and the 
determination of their vapour densities, 
brought him due rccognitton from abroad, 
and before long his laboratory became the 
‘nursery from which issued forth the young 
clicmists of New India,’ 

In 1912, when he visited England to 
represent the University of Calcutta at the 
Congress of the Universities of the Empire, 
held inLondon, hereadapaper before the 
Chemical Society on one of his latest work, 
the vapour density of ammonium nitrite. 
Sir William Ramsay congratulated him on 
his fine work, and IDr. V.H. Velcy wel¬ 
comed him ‘as an illustrious representa¬ 
tive of a great Aryan nation which had 
attained a high degree of civilization and 
discovered many chemical processes when 
this country was but a dismal swamp*. 
In recognition of his extensive work on 
nitrites. Professor Armstrong in. 1914 
named him ‘Master of Nitrites*. 

In 1912, he received the Honorary Uc- 


I ).Sr. fi oin the I'nivc-sity of I )ur- 
hant. ;infl the title i»f ClI.I.Il. iCIonujciulun. 
cjf the Iliilri ol llir* liidi.iii Enipirt-^ was 
c-onfiTicd t»u him l»v the Biiiish Chivcrn- 

Ill Ibin, Pi.ifull.i C :luindr.iL l etiicd fiom 
aeiv’uc in iht- I’rc-'iuh’iu y and Join¬ 

ed tlie tirw K- stai irtl I hiiN-rrsiiy Clollfge 
of Science, as I’r*ifevvor of C’hcinistry, 

to which lie was invited by Sir Asuto&h 
XI<M»klicrJfe, till* then \*ii e-C^h«iiu ellor (tf 
tlic C’alciilLa Unlveisity, Here* he 
provided witli hetirr rtjiporlunities for re¬ 
search. Ill grateliil leco^nition of devoted 
and selfless set vice u» the cause rif chemical 
education, chemical repeal cli and chcini- 
cal intUisirJr.s in India his pujnls and ad¬ 
mirers added the hoiioiific c]>ilhct Aciiarya 
(the gieal tcaciutr, finrn^ Hteially nicaiiing 
dispellcr of ilarkiirs.s or giver of lighi) to 
his name. lUhisli Chivei innenl fur¬ 

ther iiriiicnirrd Ititn vvitli K-hiKlUlioorl in 
lOH). In 1920, he was elected tlieClencial 
president of the Indian Si'iciiec Congress. 

Research activities in the ehemiea.1 
lahoraiory of Urn UinversUy Ckfilcgc of 
Science conllnurtl to expand, leading to 
the consolidation of the Indian School 
of Gheinislry and to the foimation, as a 
logical consequence, of the Indian Clliomi- 
cal society in IS)24. 'i‘he. Society -was 
started under his guidance and with a 
liberal financial assistance from Inm, and 
he was elected its Founder-President for 
the first two teiras. Some of his distin¬ 
guished pupils took a leading part in its 
organization. The Society lias now re¬ 
ceived Us due recognition in the world of 
chemical science. The part which he had 
thus played in the development of chemis¬ 
try in India entitled him In all riglilfulness 
to the significant appellation, the P'ather of 
Indian. Chemical Science, attributed to 
him for the first time by a distinguished 
British scientist, the late Prof. F. G. 
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Donnan. of the University College of 
Science, London, in his contriljution to 
the 70Ui hii'tli day commemoratioi:i volume 
of A-charya Ray. 

On the completion of liis GOth year in 
1921, Acharya Ray made a gift of all his 
salaries to the University of Calcutta from 
that date onward as long as he would lie 
entitled to it by the retention of his service 
by the XJniversity. It was stipulated, 
however, that the money thus accumulat¬ 
ed should be spent for the extension and 
development of the Department of Che¬ 
mistry in the University College of Science 
and Xcclinology, as well as for tlic crea¬ 
tion of two reseaieh fcllcjwships in che¬ 
mistry in his name, each with a value of 
Rs. 200/- pci month. In 1922 he made a 
further donation of Rs 10,000/- Air an 
annual researc h piivic in chemistry named 
aftc;r the: gie*at Indian alchemist, Nagar- 
juna. A second ciidovs’ment of Ra. 10,000/- 
was made at the time! of retirement from, 
the University scjrvicc in 1936 for a 
rc'scareh pri-<o in v.oolcjgy and botany, 
named after Sir Asutosli Mookherjcc. 

Acharya Prafulla Chandra was the ic- 
eipient of many lioncjurs from different 
quarters. Xlie Universities of Calcutta, 
l>acca and 33cnaras conferred <jn him the 
Honorary 3'.5cgrec of D Sc. Xlie Deutsche 
Akadernie of Muiiich elected him an 
Honoraiy I'cllow of their organusation, 
and in 1934 the London Chemical Society 
did him the same honour. 

In 1932, Acharya Ray published the 
Ihst volume of his aiitobiography, L.ije 
and £Cxf)eriences of a Bengali Ohemist which he 
dedicated to the youth of India with the 
hope of stimulating their activities for the 
service of the country. It might be noted 
here that though he called himself a Ben¬ 
gali chemist, yet he took good care to de¬ 
dicate his book to the youth of India. 


The second volume of the book was 
published in 1935. These furnish ample 
evidence of his knowledge of literature and 
history and demonstrate that his hand 
could wield the pen in the literary field 
with as much ease as he could handle the 
test-tube in his chemical cxpcximcnls. A 
Bengali version of the book, prepared by 
himself, appeared in 1937 under the title, 
Jitma G/iarit 

Though essentially a teacher and in¬ 
vestigator in chemistry Prafulla Chandra 
lived as much an active liXe outside the 
test-tube as that in association with the 
latter. There was no realm of human 
interest in which he did not make some 
contribution of abiding value. He was a 
thinker of sturdy indei^endence and a 
disputant of sub-acid humour with no 
variance between Ins professions and 
practice He adopted woik and service 
as the motto of his life, and conducted 
with a crusading spirit a regular campaign 
against all evils—intellectual, social, eco¬ 
nomic and political — standing in the way 
of the progress of the nation. I-Iis un¬ 
bounded sympathy for his fellow men, 
particularly the distressed and down¬ 
trodden, kept him active all through his 
life working for their relief and uplift. 

He was a relentless critic of the system 
of our school and university education in 
vogue, as already discussed. He, there¬ 
fore, became a great supporter of national 
education and also served for some years as 
President of the National Council of 
Education which was established after the 
partition of Bengal in protest against the 
system of education under the control of 
an alien ruler, 

I*rafuUa Chandra was a pioneer of social 
reform m the country. He was ever 
eloquent and forceful, in his numerous 
speeches and writings for the removal of 
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iiirriualitic'a. and injusUcf*?* hkr t a*4tr 
avhtrrn and unlnnrhaijiUty whuh * rratt* 
clivisirui and lirecd haticd lirtwrrn man 
and man, as well as iVn llir H'»linr»ii 
rruci and evil praciit c‘a like, early mai i lai^r, 
dowry system, rif^oura of vvid«wh«»od, 
purdah system, etc., which stand in the 
way of our social progress. He did not 
V^elieve that political frecdfim roulci he 
achieved, or might have any value IV*r a 
nation with its social shivery remaining in 
a dominant position. He thcrer<»rc, 
fought for the emancipation of women, 
for the restoration of their dignity and for 
the equality ofoportunitics to them for the 
enrichment and fulfilment of their lives. 

In times of natural calamities Ac-harya 
Ray %s'as always the fii'st man to resj>oi\d 
to the call of Jiumanity by organiv;tng re¬ 
lief work for the people in distress. His 
services in comicciion w'itli the Khulna 
famine of 1921, and the North Bengal 
Hoods of 1922 and 1931, when i*cUef opci a- 
tions were organised under his guidance 
on extensive scales, have become a part of 
the historical record Vn the administration 
of Bengal. 

During his tour of the Hood-stricken 
areas of North Bengal in 1922 PrafuUa 
Chandra came in close contact wdth the 
villagers and made a thorough study of 
the economic condition of the villages. 
He found that the villagers remained 
practically unemployed and idle for about 
6 months in a yeai' from the time the crops 
were harvested till that of fresh cultiva¬ 
tion in. the next monsoon. Thinking 
seriously how to provide employment to 
millions of villagers in India and save them 
from semi-starvation PrafuUa Chandra hit 
upon the idea of introducing the spinning- 
wheel (^charkha) among the villagers as the 
‘poor man’s insurance against un¬ 
employment and famine.’ He then be¬ 
came an ardent follower of !M!ah.atama 


ri.indhi li.irl p«sl Uuiiu he'd his noii- 

< innvriiirnt ibr ihr allainincnt 

cif Surtriti. Pialiilhi C'liandia, a pionei of 
lai .ilr* w ir'iilihr imlustiics, brranic 

(ivr-i night art <»f dunkhn and Khacldm 

and hititsrlf *41.11 tni spiiuuiig regularly 
cv'ciy thty anti nrtthiiig hut khadi till 

ihe end nl‘ hiv life. 

PiafulUi <-h:iudi.i w.is. kiiowti for his 
f'liaiiiy. He gave away fifoly the major 
jKirtinn of whatever he* earned in his Ufe 
ibr the benelit tifjMMir student*?, for help¬ 
ing varitius rduraiinnsil insiitulioiis, and 
lc»r public* and .stn ial-v% flflu e seiviccs. 
lli'Mdc.H hi^ haiicKniur donatinits to the 
L'niversily iif Ctah’iitt.i inriiiinn may be 
made of his /'niaiu tal help to the City 
College, CalenlUi. Bagerliai Cnllcge of 
Khulna, and a siduitd in his native* village 
of Karuii, liiuuelerl 5u the name r»fhi.s falher. 
He also made a trust deed for the bciieHl 
<»f poor wiflowR and 01 phaus anti Vor k/iadi 
woik, l''lnall>, the Saclhatan Ihahmo 
Samaj, CJalcuita, was nuicle the rcsiduaty 
legatee of liis proi>ertie.s. He* dltl not earn 
much in. life, yet Uc. stpent like tv pviucc in 
charily. I'or, he wanted little and kept 
oven less for liimsclf, fullawing the srrip- 
tural maxim : ^ winch 

means ‘rciiounc'O tind rejoice.* 

PrafuUa Chandra’s relation wicli Ins 
pupils was a vei y close one. He was their 
friend, philosopher and guide, and his 
pupils too entertained deepest reverence 
and affection, for him. He used to mix 
fi'ccly with his pupils and inaiiiUiincd in 
some sense the tratUtion. of the ancient 
Indian ^unis. Nothing \vc»nld luive given 
him more dcUghi than the news cifaeliicve- 
mcn.L of his pupils. On such oeeasuni.s lie 
•would often repeat liis favruuiU* saying: 

IcT, ( f^cerpT ) ctTHTstti; i 
’One should seek victory from all quarters 
but welcome defeat from, his sons (disci¬ 
ples),’ 
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Fioni a casual sLucIy, Piafulla Chandra’s 
life and activities might appeal as a bundle 
of contradictions. His extreme simplicity 
and negligence in respect of his dresses, 
his utter indinercnccs to manners, ap¬ 
pearances and c onvcntlou du not appeal 
to be in tunc u ilh his methodical and 
jiunctual ha1)ils, his ovcr-whclming hearti¬ 
ness, his still dy indc)icnd(‘iK’(' and his 
tenacity of puiposc. Ilis utter contempt 
fur pciwci, possession and wealth seems to 
be at valiantc with his insistent advocacy 
foi acquiring wealth by the development of 
industries, business and trade. His cIToris 
for the cause ol' science and scientific 
industries seem to contradict his activity 
for the propagation of the cult of charkha 
iindkkaddar. But a little deeper piobc will 
make it clear that his apparently contra¬ 
dictory and diverse activities arc iiut a 
poiy-faced expression of a ccunpichcnsivc 
piece, leprcscnled by his iovc for his fellow 
men and hi.s spirit of selfless service for 
their welfare. He imhibed this inspira¬ 
tion for the love and service of his fellow- 
men ill his early age when he came under 
the influence of Kcsalj Chandra Sen and 
the Brahmo Samaj. 

We thus And that Prafulla Chandia was 
a friend of the poor and lowly. Pie iden¬ 
tified himself with the common man and 


disliked to dwell apait fiom others in 
aristocratic isolation. The doors of his 
house and of his heart were equally open 
to all, particularly to the people in. humb¬ 
ler walks of life He wanted to serve his 
people, but was reluctant to receive any 
scivicc from them. In fact even in his old 
age he was found to wash his oum clothes 
and polish his own slices. This wa.s 
the outstanding feature of his greatnes.s 
which was only overshadowed by his 
goodness 

Achaiya Ray was, to use the words 
of his friend and colleague Acharya 
Jagdish Chandra Bose, ‘a path-finder 
and oiiginator of work of gieat utility.’ 
In the words of Mahatama Gandhi 
he was ‘a great and good servant of 
India,’ and in the the words of Rabindra¬ 
nath he was endowed with the divine 
powci of Cl cation, which could not have 
been possible unless he unreservedly 
made a gift of himself 

Acharya Prafulla Chandra’s thoughts, 
words, and deeds as well as the example of 
his great life have shown and lighted the 
right path towards the goal of fulfilment 
and cniichment of our life, both individual 
and national. It is for his countrymen, 
present and future, to march along this 
path for their own good. 



Practical Work in Mathematics 


ISxlcn.sion Services Centre, 
St. Chri.^topher's Training College, Madias 


MATHEMATICS is an alKttart 
subject, but it was inventrcl by man 
for practical purposes like couutinp^, 
mccVsuriiiR, aurveyinjjf, cten, and so it is 
essential that the practical utility of the 
subject should be cmpluisizcd. *rhis 
is done by getting pupils la do practical 
work in and out of the clasarocnn. Pupils 
solve problems on heights and distances, 
field surveying, areas and volume, but 
do they know how to got the nccc'ssary 
data for all those ? 'I'licy know how to 
construct quadrilaterals, when varicnis sou 
of Tneasurements arc givcui, but do they 
know wKy they should not be satisliod 
with just one set of nicasurcmcnts, for 
example four sides and an angle ? Unless 
they do these practically they cannot have 
a clear concept of the application of the 
facts and the meaning of the dilTcrcntdata 
provided. Moreover such activities give 
them enjoyment and the satisfaction of 
having carried out to completion some use¬ 
ful work. 

A few of such practical work, which 
•would make the subject concrete, useful, 
and interesting, are explained )>clow : 

1, Srn. VII: Laying out plots or 
GIVEN AREAS : 

Aim : To lay out a plot of area, 3 cents. 

Equipment : A surveyor’s chain and 
some pegs. 

Procedure : Pupils may select a conven¬ 
ient place for laying out the plot. Now, 
they realize that they should know the 


length iuicl bicsuUli rif the* plot uticl from 
the- area given they .sr-Ic'et convenient 
rneasuienicnls s.iy fil) links .uicl 50 links. 



Fik. 1 

Using the surveyor's chain they maik 
off a Icngtli AB GO links. L'licn at A 
and B they make right angles using the 
ratio3;4':5 and then measure along these 
lines the length Al> and BO, each ecjual 
to 50 links. Now, to verify, tlie fourth 
side is measured. 

2. (a) Std. VII : FiNniNG the c:apa- 

CITY on A IU.CTANOUL.AR lANK. 

Aim : To measure the length, breadth 
and height of the tsink in order to find 
out its capacity. 

Equipment: Tape marked In centimetres 
and a pole. 

Procedure : Pupils select a rectangular 
tank and take the internal measurements 
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or Icrigtli Jiticl breadth directly, using the 
tape. 'I'licii the depth is measured Ijy 
putting the pole inside the tank andmaik- 
ing the edge on the pole, and then they 
rmcl out tju* meii.sui c-rnent up to the marked 
level. h’roni these incaaui ementa the 
eaparity oC the L;uik Ls calculated and then 
given in litres. 

J^ote . a, 'I’o liud the volume oi* water 
in the Lank they mark the level oi' the water 
on the pole and then measure. 

b. Xlie pole is held vcrtic'.al to the bot¬ 
tom of the tank. 

2, (n) Srn. X. : 'Fo i-tnd now many 

■nUCKETS Ol» WA'rUR 'ITIE TANK WIEE HOEU 

vltm 'To incusuj e directly and calculate 
the capacity cjf the bucket. 

iC'jtdpment : Bucket, tape marked in 
t'cintLinctrcvs. 

Procedure : Pupil.s select a Htundard 
buckest and iiica.surc the vcjrtical heiglit, 
upper and bottom dlame.trcs of ihc bucket. 
Using similar trUiMgles, they calculate the 
height of the smaller eoric, For example 
if ‘1^’ IS the upper radius, *r’ the l>ottc>m 
radius, the height of the bucket and 
*x* tliat ol' the smaller cone, thc^y then get 

X from the equation. ^ then 

sub.strac:ting the volume of the smaller 
cone fi oni the lai-ger one they get the 
capacity of the buket and then find out 
the number of buckets of water the tank 
will hold. 

J^tile : 'This <x\n. be dc^ne in Standard 
"VII if the contents of the ljucket are 
poured into a rectangular fish tank. 

3. Stanoard IX : "To riNrs the i-iiiics^HT 
OP BUI1.0TNG, Trees, and towers. 

Aim 'To find the height of a building 
taking the angle of depression. 

£lquipment ; Clinometer and 100-ft. tape. 


Procedure: Pupils divide themselves 

into two groups. One group goes to the 
top of the building talcing the clinometer 
while the othcr.s stand at the bottom with 



the tape measure. They select a spot 
A at a convenient distance from the 
bottom of the building and place a bright 
object on the spot so that it is seen clearly 
from the top of the building Then they 
measure the perpendicular distance AB 
from the bottom of the building. The 
pupil with the clinometer stands at G, 
vertically above the point B and measures 
the angle of deprssion ACX, which is 
equal to the angle of elevation BAG. 
Then the figure is drawn to scale and the 
height is obtained. 

JN'ote : a» The height can be verified by 
dropping a stone tied to a rope. b. If 
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tUer Ujp is as in lli*' case* of a 

tit*r, tiic* anisic* ctf elevation is lakrii 



3 


Height of tower. 

Aim: To find the heijifht ftfa tow€T or a 
mountain. 

JSguipmeiU: CUiiomctcr and tape 

measure. 

Procedure: Pupils go on a field trip and 

select a tower. N■o^v, as they cannot 
get the point B, at the foot which is verti¬ 
cally below the top A of the lower they 
select two convenient spots C and H 
which are in a straight line with B, and 
measure the angle of elevation of the top 
at C and D. They also measure the dis¬ 
tance GD, Then the figure can be drawn 
to scale and the height of the tower found. 



Fig. 4 


4 SiA^.i>AKTi X. T'n 'I'invi Yi^vc;. 

Atm: Iiiid the ..irc-a an iii<‘gular 

I ft tilitirar field. 

Kquipmntl: I-i i tss-Hinil, suivcxor's chiiiii 

and a fVw pt»sts. 


D 



i-m. 3 


'The ci'oKs-slair has a cuboid block of 
wood at its head with two grooves cv»t on 
its upper snrfac'c. 'I’hc groovc.s arc 
at right anglc.s ic> each othci* and it has a 
long Stan' attached tr> its centre .so that it 
could be fixed to the gi'ound (Fig- 6)- 

Ptocedwre: Pujiila select an h'rcgu.lar 

hexagonal field ABCI^lv-F. T’hcy fix a 
pcist at cadi coi’itor. Firat> any con¬ 
venient diagonal AID is mc'a.surcd. Then 
the cross-stafT is so adjusted along the dia¬ 
gonal AID held firmly at O so that the 
staff IS vertical to the ground and, while 
the post at B is visible through one grove, 
the posts at A and ID ai c visilile through the 
other: ‘O’ Is the foot of tlie ofl-set nx>ni B 
to AID. The distances AO and HO are 
measured. Similarly the ofT-scis FP, CIQ, 
itnd ER. and the distances AP, AQ, and 
AR. are measured rcsi^ectively and the 
measurements arc tabulated in the usual 
v/ay as shown in Fig. 7. 
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Then the rough figure is drawn and the 
sum of the aieas of the triangles and trape¬ 
ziums, will give the area of the field. It 
can be expressed in cents or acres as re¬ 
quired. 

5. STAKIi>AKr> VII-^VttRTJCAL ANn HORI- 

XONTAU HRIGI-ITS. 

Airn: 'Po find the vertical height of a 

station on the slope of a mountain. 

JZquipnienl. Poles, pegs, rope and mea¬ 
suring tape. 

Procedure Pupils select a spot A on the 
slope of a neighbouring hill. F is the foot 
of the hill. A rope is tied to a pole at a 
convenient height R and the pole is held 
vertically at F while the lope is held hori- 



Fig. 8 


zontally at E by means ofapeg Then the 
distance FR is measured. This process is 
repeated until the spot A is reached and 
the distnee EQ,, DP, CO and BIST are mea¬ 
sured respectively and their sum will give 
the vertical height of the spot above round. 

JKole: To get the horizontal distance 

of the station from the foot of the hill, the 
horizontal distance should be measured 
along the rope and added up. 


Fig. 7 




Science Club Approach 
in the Teaching of Science 


I*. Naf^aswami 

Sponsor, AIuJid-Ui-Anam IIig.h School Science Club, Hyderabad 


WK are living in an age of science, tech¬ 
nology, atomic energy and spare travel. 
Science has advanced by leaps and Ijounds 
and its impact on society and civiliiration 
is ccjnsiclerable. Science is dominating all 
our social activities and outlook on lift*. 
The rapid strides made by science and 
tcclmcdogy in tltc last two decades have 
made science teaching in schttols specially 
in the secondary stage tjf educ.vtiou veiy 
importauc and .sigriiricant. 'The rr*Ie <»!* 
science in improving the jdiysical condi¬ 
tion of the people and besKjwitig tm them 
more comfort, wealth and pnisperily by 
tapping the unknown forces t)f nature is 
well known. Wc rcqviire. a large nunibcr 
of engineers, doctors and technicians to 
work on National Plans for the material 
progress of our country. The need ft»r 
training better personnel with acieiililic 
knowledge for the army, navy and air force 
to defend the frontiers of India and pre¬ 
serve the freedom is the most urgent one 
today. Hence science education in schools 
is to be made more clficicnt and impressive. 

It is a matter of regret that in our scheme 
of science education we arc neglecting the 
laboratory work of the pupils and the use 
of the hand in the handling of tools, ma¬ 
chines and apparatus. Classroom teach¬ 
ing ends with the demonstration experi¬ 
ments by the tccvchcr. Vtajor emphasis is 
given to factual knowledge and not to the 
development of skills, interests and 
appreciations of the pupils. It is need- 


lcs.H tc» say That learning !)y dcurig^ and 
pcr.S€»nal ohscrvulion sire of permanent 
value in the learning expeiiencc of the 
l)upiK. \Vc’ serin lt» be grossly neglecting 
this aspei I ctf la! hm aittiy tsm k in the science 
eliisses at £kll stages r»f si'icncr education. 

*ruK Ni.i.n i-oR c.ix:us 

The S« ien< e Clluhs provide a means by 
which we can iinprt>\e the u»ue rif science 
iraching, T he aciivitics ttf the c lnl>s ate of 
a pia< lical nutin e an<l they ricaie interest 
in the ht»ys U» puipt>»crul ami worthwhile 
activities. Hy having the science club 
approach in i)ie teaching tifscience we. can 
Increase the .stantUird ttf science teaching. 

Science eluh.s of Arnerica, U.K., and the 
Pioneer Pahu-es of Soviet Union, Kanner’s 
CUubs of Clfinadrt are examples Nvlicre iicccs- 
saiy facililies arc prcjviclec! to the pupils to 
stimulate their intercKls in science learning. 
Improvised models arc constructed by 
the hoys from chciip and scrap material. 
The coordination of the hand and the mind 
is got hy engaging the pupils in the mani¬ 
pulation and constriu tion of the apparatus. 
The vise, of the. hand in creative work and 
the. application ofscicmific knowdedge and 
interests in every day life is the most im¬ 
pressive way of teaching science. 

SCIRNCE CL.UB ACmvt'riES 
An earnest attempt is made in our 
schools to correlate the activities of the 
science club to classroom teaching. Pro- 
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jects and assi^^iiments in tlic sctcnrc cKili 
a w'ay to crn'Icli tlie loarningr cxpeii- 

cncoh of tlic pupil supiDlcmcnt tKc 

classiooin toatliiiig'. 

One acAivity of the Rt iciirt* CIlul) is llic 
collection ofipec imem, such as loeks, circs 
and iriiiicrals lor the scliool muscrirn 
Moniheis of the Scitmcu* CUuIj of this scliool 
collc*etecl a varicAy of rocks, limestone, 
quarts, calcite, icon ore, c*orals, 

shells, cte. 'I'liey were tested in tlic labora- 
toiy for caibonatc’, silicate antd snlphicle. 
ores by simple expei iiTicnts. Xhc minerals 
were clussifiecl and the cluli mcmbcis can 
now explain their fincliiip^s to the icst of the 
boys in the c'lassrotim. T’he ei\thusiasm of 
the boys in coHec.tinK diirerent stones and 
minerals and studying thcmi is tlte berstway 
of learnin^j science, 'I'lius the <*Iub activity 
of colleeiioii ran bo corredated with 
chissi oom leachiujjf. 

Anothci'activity of the science club is the 
construction of improvised models of 
kaleidoscope, periscope, telescope, elec¬ 
tric bell, elecuie motor, clectroma^;nel, 
maf^nctic compiiss, and f^iilvanoscopc. 
These can be exhibited to the. rest of the 
boys in the chissroom tcachitij;. Xhc 
study of the iniiirovisccl aii]Taratiis and 
models creates an interest in the other boys 
to emulate tlicm. 

Field trips and science excursions to 
glass factory, iron vvoi’ks or any other in¬ 
dustrial centre can be arranged by the 
science club members. The class can be 
divided into groups and a questionnaire 
issued to the boys regarding the raw ma¬ 
terials used and the details of the manu¬ 
facture. lioys may be cncouxagcd to 
observe the working of the factory and 
disctiss the questionnaire in groups. Their 
findings and experiences can be related in 
the class. The teacher by suitable ques¬ 
tions in the fc)llow-up class should co¬ 
ordinate all the facts observed by the pu¬ 


pils into a v\'liole lesson. This method 
of leaching sciciicc lessons will be 
fiuitful. The boys not only are en¬ 
thusiastic in then woilt but also undcistand 
the bulijecl thoioughly well 

Cihib meetings on the life and work of 
scientists such as Avclumcdc.s, Galileo, 
ISJewton, lidison, IvTarconi, Raman, 
Siiha and Ray can. be discussed. In our 
chib the members enacted the scene of 
KLing I-Icro asking Archimedes whether 
the crown made by the goldsmith was of 
gold or not. Boy.s take lively and abid¬ 
ing inteiest in the lesson. Xhc scientific 
principles and knowledge ai'e diivcn home 
into the minds of the ^Dupils and the leanr- 
ing experiences arc more clVcctive by thh 
method of teaching. 

CONCI-USION 

Tlte al'>ovc arc; some of the situations in 
which the science club activities cait be 
correlated with the classroom, activities 
Connected with the syllabus. The teacher 
can expand those activities by his resource¬ 
fulness, and make up for the lack of 
ci]uipmcnt in the laboratory by ijurposeful 
activities in the science club. "While using 
the hand in shaping and constructing the 
apparatus there is the coordination between 
the hand and the mind Hence the science 
club approach in making the boys prepare 
improvised apparatus has psychological 
meaning and thinking j^iocess. It provi¬ 
des ample scope for the ingenuity and re¬ 
sourcefulness of the pujiil in making a spirit 
lamp fiom tin cans and glass bottle.s; and a 
tripod stand from condensed milk tins It 
is hoped that science teachers will make 
use of the science chib activities in the 
classroom teaching and derive maximum 
advantage from them. Then the science 
club will surely become a nursery or la¬ 
boratory for the future scientists and in¬ 
ventors of our country. 



Bunsen Burner for tlie Village 


S.S. Maitra 

A^ianda Chandra ITraining College^ 


THE biggest cHfliculty faced in science 
tcacliing in our country is the difliculty 
of obtaining equipment. A scientist can 
solve this diflieulty to an extent which will 
make science teaching practicable under 
even the most ti'ying conditions. ‘Cltistly’, 
‘imported’ or 'rare* instruments or equip¬ 
ment are not the only corner stones for 
building up our structure of science 
teaching. A teacher with imagination 
may improvise substitutes, devise home¬ 
made equipment, modify the experimental 
procedure and in many other ways cross 
the hurdle, Theic are good guide books 
(like XJnesco I-Iandbook Jbr Science 'Teaching') 


to help us in the matter. At least, one 
example of the practical results of think¬ 
ing on the above lines is given in this 
paper. 

The Bunsen and Teclu burner or a 
glass-Jilowirig equipment i.s considered 
to be an essential equii:>mcnt for any 
science laboratory. The spirit lamp 
cannot be a substitute for it, both from 
theoretical and from practical consideia- 
tlons. Unfortunately, liowcvcr, vciy 
few schools can think of using these 
burners in their laboi atoi Les. The ques¬ 
tion of having a coal or kcrosenc-gas plant 
is out of the question even with the larger 



Fig. I, Bunsen buriiei For ihe village 
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uib'in s< luiols. Smuc maN . pri 1 luivc* 

tlie rln‘ajj«n lotaiy jK‘trc»l-jjf.is ^c'tinators, 
Fni tlic avcia^r luial ,vccfni<Utry scluioK, 
tlic Biin'^-en Jlaiiir is a rlirain tlial can 
iH'vcr main 

A vr.*iy rhrap c’cpiipmnit to provide a 
u'orkitij^ Biiii'-eri, 'IVelii nr KkiHs-blowiuj.^ 
flame wiis llinnj 4 :ljt of even for the 
smallrHt rural scIkkiI. 'The total cost oT 
the equiimient is cxpeele.d not tr> exceed 
Rs. 50. ()»te sucli ecjiiipinrnt waJt exhilil- 

trd in a .srieiire ^air^vilh euinplcte success. 
T.*hc cxhiliit drew the admiration of 
scientist?!, cthicattjrs and members of the 
public. A description and sketch of the 
apparatus is ju'iven here. Any avcra^jc 
science vNorksUop can fabricate the 
ajiparatuH \sith the help of a village 
tlii.stniOi. 

ncbMi‘>MAnr rm'Rcn.-ciAs cn^NKUA'ioa 

'^rwo tin cans U and CJ are prepared as 
shown in the sketcli. 'I’he cans may be 
ordinary cans fif mustard oil or 

lialiy-fcjod with an approximate capacity 
of oi:c litre. 'Two tin tnlios made by 
rounding anti soldering tliin tiu-shcc.ls 
aic inserted into eacli can thronglx holes. 
One of these tidies must roacli the hottom 
and tlic oLlier about 1-2 inches below 
tiic top. A hole witli a tight cap is 
piovidcd foi each to pour liquids in. 

Ass^mbljf 

Eacli can should be perfectly air-tight. 
'This fact can lie tested by attaching the 
longer tube to a foot-blower, closing the 
shorter tulic with a ru)j)jer-tuhc and 
blowing hard while the can is put under 
a bucket of water. If air bubbles come 
out, locate the points and solder again t<i 
.sU)p ibe leakage, Alaking the assembly 


perfectly air-tight i.s a necessary pre¬ 
condition for avoiding fire-hazards. 

After the cans have been prepared as 
mdicatccl, they arc assembled as shown 
in Fig- 1. The connection between the 
water tiap and the burner should be as 
long as possible. With a similar length 
of rubber tubing the foot-blower should 
be placed undei the table with, the burner 
for convenience in operation by a single 
person, 

Wlicn the necessary a.ssembly has been 
made, the cans B and C are opened and 
water and petrol pouied lespccdvely, 
till they are quarter full. Air is blown 
steadily with the foot-blower and the 
burner lighted. With a little practice a 
.steady flame of the desired size can be 
olilained easily. It has been found that 
the flame thus produced is quite adequate 
for : 

—• demonstrating luminous and non- 
luminous Bunsen flames 
heating (to any desired degree) 

- — glass-blowing 

- - blow-pii50 reduction of salt on 

charcoal. 

C.'aitlton 

1. 'The connections, cans, etc. must 

all be pcrfcclly, air-tight. 

2. The connecting tubes between the 

generator and the burner must 
be long. 

3. The foot-blower should not be 
operated for long without lighting 
the burner. 

d. The water-tank must be quarter- 
full with water. 

5. Blowing should be steady and 

there should be no sucking back. 

6. The petrol-tank must not be more 

than half-full. 
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Earthworm is a Nocturnal Animal 

Ci. Riiju 

JOepai tment of Scivncc Kducaiion^ 
Maiional Council of Rdiicalional Research and 'r'rainingf Delhi 


AN outHne of the moat important 
features of the earthworm. Ln. relation to 
its environment is developed and given 
below as a guidance for the teachers to 
plan, their lesson, along the lines of unit 
method of teaching science. 

The earthwonn is an object with which 
the children are quite familiar and the 
study of this simple creature carries a 
fund of scientific information. Since the 
object is such a familiar one for the 
children, this will inspire them to observe 
more and more and ask more questions. 
Since the life of these worms is so simple, 
the children can easily be guided to find 
the answers themselves, thus making the 
science concept more real. 

In this outline an attempt is made on 
only one major concept, viz., Karlhworm 
is a nocturnal animal living in moist soil. The 
other two concepts, viz , 1. Its body parts 

are adapted io its food habits^ 2. "The 
activities of the earthworm benfit the farmer^ 
will be the extension of the knowledge 
and information gained from this topic. 
Therefore, these can easily be further 
planned and assigned to the children as a 
project work. 


CONCEPT. Eai'tliwox'iTi: is a nocturnal 
animal living in moist soil. (For 
Class VI) 

INTROnfCirlON 

1. Af/divation ‘Vlnough Obsnveitifm 

Assist tlir chilclren in setting uj> a 
worrncry with a wooclrii linx (MO x TiO x l.'i 
cm) with a glass front, tt> eiiahle Lliexn to 
observe and study the l)e*liavi<»ur of the 
worms. In addition to this, museum 
jars or widc-inouthed jars or Ilr»rlirks 
bottles can also sci*ve tlie purpose. I.et 
them fill the bottlc.s with alternate layers 
of sand, leaf mould, loam, leaves, etc. 
Let them collect the vvorms from the 
garden and introduce them into the con¬ 
tainers, The soil should be periodically 
moia tened. 

Lei them wrap some of the bottles with 
black paper or leave thorn in a dark room 
and let them place the rest of the bottles 
in a lighted room and observe the 
differences in behaviour of the worms in 
the two seta of bottles. 

Display an enlarged coloured cliart of 
the worm and, if possible, a model of the 
worm also. Encourage the children to 
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liaiicllc tlic v\’c)i m aiicl measure its Iciigtli, 
^wlicii eKtctitlcd and contracted) count its 
scF^iTients and idt'utify its various external 
parts w’iLli the guidaiice of the chart and 
model. 

2. Afotivadon 'I'hi nutf/i Hiiscussirtn 

lOisciiss the ^olla^ving qticstions which 
form the liackground of the topic. 
Encourage the pai tieipation. of the 
students in. the cliscussifin. 

1. V/hat IS a nocturnal anirnal? 

2. What are the most common. 

nocturnal animals? 

3 How is the nocturnal habit bcnc- 
licial trj the. animals? 

"Wliat IS the i4iidcrlying mcaniirg 
of tltc phrase, “Even a worm will 
turn*. 

5. Which aie the localities wherein 
the earthworms ciccur in. plenty? 

G. Ill wliich of the areas is the cat th- 
worm Gonsidcrod as nuisance? 

Q,UE.S*l‘ION.S ANn PI^OhT-EM.S 

1. Where do the earthworms live'-* 

2. Why do the earthworms live in 
moist soil? 

3. How do the carcliworins breathe'* 
When, do they come out of the 
burrow? WHy'^ 

5. (<7) What is the nature of its body ? 
(/i) IDo the earthworms liave 
mouth? 

6. How do they move from one place 

to another ? 

7. (a) Do they have eyes and ears ? 
(6) How do they see and hear? 

ACTIVITIES AND EXPERIENCES TO BE 
USED TO ANSWER TIIE QUESTIONS ANI> 
SOLVE THE PROBLEMS 
1. Where do the earthworms live? 

Select two z'cg-ions of a garden. One 
of the regions should have dry soil and 
the other wet soil. Ivlark off a square 
area of 40 cm on the ground- Dig the 
soil to a depth of 20 cm of the square area 


xnarked Dollcct the soil separately in 
two containers Airaly&c the soil and 
count the numbei of worms found in 
each of the sample. In winch of the two 
regions more number of worms are found 
for the same volume of the soil? What 
do you infer fiom this faef^ 


MOIST SOfL 


DRV SGiL 


I’ig-. 2 

T'ake a rectangular museum jar (lieight 
about 4-0 cm). Goat the inside of it with 
grease. Fill the bottom of it with small 
pebbles or gravel to a height of about 1 cm. 
Over it place 3-4 sheets of blotting paper, 
cut to the size of the mouth of the jar. 
Assemble the wash bottle as shown in the 
Fig. 2. Let the long glass tube pierce 
through the blotting paper and lie between 
the stones. Fill the jar with soil mixed 
with some manure. Introduce into them 
about 10-12 worms. Periodically blow air 
through the tube and thereby keep only 
the bottom layer of the soil moist, to a 
height of about 5-6 cm. After some days 
the soil of the upper layer will gradually 
dry leaving a layer of moist soil at the 
bottom. Remove the wash bottle and 
the tube. Take out the soil. If the 
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whole block of the soil can ho removed, 
it will be better. I^xamine and find out 
where the worms are all cong;rogatod. 
What Is the reason for it? 

Arrange another .similar jar simul¬ 
taneously, but without the wash bottle 
connection. After the worms arc intro¬ 
duced, periodically sprinkle water and 
keep only the upper layer of soil moist. 
Allow the soil below to dry. Analyse and 
see where the worms are congregated in. 
this ease. What does this indicate? 



Fig. 3 


W/ r SEASON 


Fig. 4 

begin to appear. I'Jo you find any 
cUncrcncc between the two. How do you 
explain this? I’rom the above experiments, 
what do you conclude? 

2. M-Viy do the earthitior ms live in moist soil? 

Xake a pair of wide-mouthed bottles 
(jam or Horlicks bottles). Xo one of 
the bottles acid soil that has been dried 
well in the .sun. Xo the other I)ottlc add 
moist soil and moisten it periodically. 
Put some decaying leaves in Vioth the 
bottles. Introduce txhowt six earthworms 
in each bottle. l.eave the.m Tor some days. 
In which bottle arc the worms dead? 
Why? Infer that the woims die due to 
lack of water. 

Why do the worms need water? Do 
we not need water for our living? I-Iow 
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do \vc lake water ’ l7o tlic woims drink 
water like uh? Rci^cat the experiment 
witli the diy soil, ^vith lv\’r> ■worms* so 
tiuLt they ejLii <»asily lie handlecl. I'>aily 
take (Jut the woinis. Dip only their ends 
foi somctiine in NNittci . I^cLnrii them to 
the bottle. 1-Ianclle tlieni >?cnLly. Did 
the woims die aTter i'ew clay.s? W'hat does 
tJiis indicate'^ 

3. Iloxv do the wmms breathe? 

Which part of tlic liody of the worm is 
likely to come into contact with the moist 
soil? AVhat will happen to its body in 
contact with the moist soil? Deduce that 
the liocly al.so becomes moist. Why-should 
the body rcmaiit moist for the worm to 
live? Obsoive closely tlic skin of a worm? 
under a lens. How thin is its .skin? IDo 
you see the i ed colour of tlie blood of the 
woim throijj^h the .skin? ''I'lie blood 
contciinliif^ ctirbon dioxide is brought to 
the skin, 'rius is separated from the 
outside air containing oxygen. 'IThc skin 
scjiarating thtj.se two is very thin and is 
kept moist. Which life process will take 
place under .such a condition? Conclude 
tUitt the woi'm breathes through its moist 
skin. 

4. When da they come out of their burroivs? 

Why? 

hlow can you identify the burrows of 
the earthworms'^ Rear the worms m a 
w^ormery. ICccp it outside and observe. 
Do you see anything by which you can 
identify the burrows of these worms. 
Visit the wormcry during different periods 
of the day and night. When, do you see 
them out of the btnrowa? I-Iavc you seen 
some birds feeding on these woims? 
What are the birds which feed on them? 
When do they feed on. them? 

I-Iave you ever seen the earthworm 
crawling out of their burrows during the 
daytime^ If so, when? Have you 
not seeii them coming out of their burrows 


after heavy rains■J’ Why'^’ Take a bottle in 
which tlie worms are leared. Fill it with 
water. What do the woims do ^ Why? 

(<*) VK^hat is the tialutr. of zts body^ 
Wliat IS the shape of its body? Is it 
Uniibrmly cylindi ical? How ai'c the 
rings arranged'^ I-Tow is the ringed body 
useful for its liabit? Does it facilitate the 
twisting of the woi'm in different directions 



Fig. 5 


Take a vv’orm. Pi ess it between the 
lips of two fingers. Flow do you feel? 
Is Us body hard or soft? Press your body 
at the wrist and knee Why is it hard? 
Press at the arms. Why is it soft? 
l.I>cducc that the muscular part is soft. 
Conclude that the earthworm has muscu¬ 
lar body and, therefore, it is soft throughout 
its length. 

Hold the two ends of a worm. Pull it 
sliglitly apart. What happens to its 
body? Leave it. Prick it with a pin. 
What happens to it now? "What do you 
understand from this about the nature of 
Its body? 

5. b. JDo the earthmorms have a mautii^ 

Observe Carefully the body of the worm. 
Is there a head^ Do you find any 
difference between its head-end and tail- 
end? Lay the worm on the ground and 
watch at go. Which is its front end? 
Does the worm always move by its front 
end? Excite the worm, by pricking it 
here and there by a pin- When it gets 
disturbed, watch its movement. Gan 
you make the difference between its 
two ends now? If it moves forwards and 
backwards, how can you make out its 
front end? Do you .see a saddle-like 



372 


A.C sr-inxri- 


covering on t]ir limly r»r ilic* \mh ni.■* On 
wViich segment H it iVnuul ? In it |>rrsrnt 
in all the worms? Watrh a. sadtUoi 
worm moving normally. To vvhirh end 
of ti\e worm does it lie neaier? 1% there 
any difTerence between Us i\vr> ends in 
their shape? Which one is more pointed? 



Fig. 6 

Examine the pointed end with a leas. r>o 
you find an opening? Is such an oj>ening 
present at the other end also? Oo you 
find any difTcrcncc between these tvv»i 
openings? Do you see a projection over 
its anterior opening? 

6. How do they moveJrom one place to another? 

Hold an earthworm between your 
thumb and forefinger and observe how it 
slips away. What method docs the 
worm use m doing so? Place an earth¬ 
worm on a piece of paper, put your ear 
near to the paper and listen carefully. 
Do you hear anything? Can you hear 
a faint scratching sound? If its body is 
a smooth muscular one, how do you get 
such sound^ Slowly pull the worm 
through your fingers from the tail end 
forward. How is its upper surface— 
smooth or rough? How is its under 
surface—smooth or rough? What causes 
the under surface rough? Examine tlic 
under-surface of the worms under the 
lens. What do you sec? How many of 
them are present in each segment? 

Does the worm always move on its belly? 
Turn the worm over. Does it stay that 
way for long? Do you find any difference 






Fin- V 

l)clwron the rtdours f^f ihr two .sides? 

Watch carefiiUy the movements of the 
hea<I-end and tail-end of the worm, ^vhen 
it crawls. C!)bscrvc the position of its 
hcad-cnrl in front of the .saddle. When 
it IS slowly extenilccl Itjrwards, observe the 
posilirin of its tail ettd. Is it extended or 
coniracterl? Ts It mrjviiiK or stationary? 
Will not the tail-end also he; drawn when 
the head entl is cl«>iigaied and drawn 
forward? WJiat kct'ps tail-end in a 
stationary position? ])e(lurc that the 
hrisilrs firmly giip the ground and keep 
Us lail-encJ in j^cjiilion. Xext rdi.scrve the. 
position of its hend-eruL Im it stationary 
or moving? lu tail end? How will you 
explain now? Clonclnclc that such alter¬ 
nating ennti action and relaxation of the 
muscle and the, gripping action of the 
bristles cause the moN'cment of the worm. 
7- a. JDo they have eyes and cars? 

Examine the head-end of the worm 
with a lens. Do you see eyes and ears? 
When at moves point a sharp needle 
towards it. Docs it see and avoid it? 
What docs it do? What does it indicate, 
if it comes, strikes against it and then 
responds? Blow a low whistle near it. 
Docs it respond to it? 

7. b. How do they see and hear? 

How can they sec, if they have no eyes? 
Recall that these are nocturnal in habit. 
How do they come out only during the 
nights, if they cannot see? How do they 
differentiate between, day and night or 
light and dark? ICeep an earthworm in a 
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contairici with moist Jioil. J.,cavc it for 
sometime in a clank room. l^lash a very 
bright, line beam ofliglit snddenly over it. 
What does it do? \Vhat does it mean if 
it contracts? Gtmc'htde that the skin of 
the worm can feel the ligiit. 

IIow can they hear if they have no 
earn? a l^i’oad ti ay with moist soil 

and decaying leavers. Put 20-30 worms 
in it. IjCave tlic tray in a ior>m on the 
floor near the wall. IDuring the night, 
tread softly into the room with a torcli light. 
Flash the light on the wall, and in the 
difTnse liglit count the number of worms 
that have come out of their burrows. 
Don’t shine the light directly on the 
iv’ornis. After some time again enter the 

Cloncepts 

(1) Earthworms live in moist soil. 

(2) 'riic skin of the earthworms must 
be kept moist. 

If the skin dries, they die. 

(3) Earthworms breathe air through 

their moist skin. 

(4-) Earthworms normally come, out of 
their burrows during night and 
remain outside till early morning. 

During the daytime, their skin gets 
dried up quickly. 

They can avoid many enemies by 
coining out at night. 

■When rain, water fills their burrows, 
they come out of them even during 
day tinxe. 

(5«) Earthworms have a long cylindrical 
ringed muscular body which is 
elastic. 

(56) Earthworms have a mouth at its 
head end which is pointed. 


loom, but this time with loud Joot steps. 
Count the worms found outside their 
burrow as before. Repeat the count 
during different days and take the 
average. Is there any difference bet¬ 
ween the two counts? What is youi* 
inference about the reaction of the worms 
to the loud foot steps'? 

Keep a woim in a petri dish and leave 
it on a table. Blow the whistle loudly 
near it. Does it react to this? Place the 
dish with the worm on a piano, strike a 
loud note. What is its reaction now^ 
Do you understand now, how the loud 
foot steps arc heard by thexn'^ Conclude 
that the earthworm hears through the 
vibratiojis. 

Aims 

To give them the first hand experience 
about the homes of animals. 

To make them appreciate the special 
adaptation of the living things to 
their environment. 


To create in them the interest in the 
intericlattonship between the living 
things and their environment. To 
increase their power of observation and 
reasoning. 


To make them appreciate the special 
adaptation of living things to their 
environment. 
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(6) l^rthwomcis move by t!ir <<»ntr;u - 
lion and relaxation oJ tlie 
assisted l>y the liiistlr^ fcin* ^rippimt 
the B^round. 

(7<*) Earthworms have iu» es anti rais 

i^b) Xhe nkin of the eavlhssarin is sensi¬ 
tive to light 

1'hcy hear through die body. 

cut-MiNA*riNCi AcmvrriF.H 

1. Ask a pupil to He down on the 
ground. Let him plug his ears by 
irvserting his fingers and. close his eyes also. 
Ask another pupil to jump up and down 
the ground. Ask the pupil lying clown 
to count the jumps. I..ct tlic pupil under¬ 
stand liow he is able to count the jumps 
though his eyes and cars arc closed. Let 
them Icarri that the carlhwrorms also 
hear m this manner. 

2, Take a cylindrical rubber hand 
and place it on a soft wooden Vioard. 
I'^ix the posterior half of the band with 
pins. Pull its anterior end forwaid. Fix 
now this end with pins and remove the 
pins from its posterior end. Repeat this 
several times to make, the pupils under¬ 
stand how the earthworms move. 

3, Arrange a field trip to a garden 
and to a pond. Encourage tliem to 
collect the difTerent types of worm-like 
organisms which they find in the garden 
soil, on the plants and in the pond, I-Tclp 
them in identifying them. Let them rear 
the caterpillars collected from the plants 
and find for themselves as to why it 
cannot be called a true worm. 

4. Keep the following animals in 
independent suitable cages, (a) centipede 
(b) praying mantis {c) grass ho^ipcr (rf) 
crab (e) slug (/) frog (g) Caloles (A) robin 
(i) rat (j) mole. Let the pupils put one 
or two carlhwonns into these cages and 
find out which are the enemies of the 
earthworms. 


'IVi tn.ike »ht«n .ipjnt’fiale the* very 
Minplc* iTiciiianiMn of lorornotion. 

'I'll intiiaiiitc tlirixi to nf\\ i*xpci ituifes 
wixirh ai c tlillrinit fimn ih?- working 
Tnfchani“-ni cit their own body. 


Ni.w jyi'i-.sru >x.s 

1. N*<ni dig li>r llir c^irthworms 

\rilh garden a fork and not with 
shovel, why’^ 

2. If the earlhwftrms arc gardeners* 
friciul, the eaterpillai.s are garden- 
eiV foe, lu»W‘? 

3. Why do the rartliwta ins occur in, 

cuDtmoUH number in manttve 
Jcajis? 

4. VN'Iiy is l!ie eaj ihwoiin also called 
an angleworm? 

5. \N*hy do the birds find it difllcult 

to pull the earihwojxns out of their 
hurrow.s.^ 

KEbAnc.)N wrni (vrinm av.naoi. 
stntJEcrrK 

1. Relate with the learning of 

ploughing and natural fcrtHizcrs 
in agrieulttn e. 

2. Relate craft in, making models of 

the W'orm and clrawing and 
sketcliing the diagrain of the 
animal. 
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Recoil and Conservation of Momentum 


XI^E clFect of I'eccil can be clemonstiatcd Discuss th.e experiment in terms of New¬ 
by tlic following' experiment ■ ton’s law of motion, and th.e law of conscr- 

(a) Pour some \vatei in a small bottle, vation of momentum, 
and close it with a solid I'ubljcr stopper. (b) Prepare a platform approximately 

I-Iang it horizontally Ijy two Ught wires as I" x4" x5". Suspend it by thm wires from 

shown in the Piguic 1. Pleat it cautiously. four sci'cw eyes m the corners as shown 

Watch when the btojaper pops out Xhc m the diagram. Attach a heavy rubber 

bottle will recoil and some of the hot water band to two nails near one end of the plat- 

will be spilled just below the su 2 >port. form. I-Iold the middle of the imbber band. 



Fig. 1. 


Fig. 2 
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V>A{ k B?h a. loop ,« 

support msule of si Unit la.ul, ^jikI rUiwsi i** 
a cm tH(fe opjn-siu* «k.UJr ctf she* 

Place a Ue^vy priirUihuii UnU iii titr* {Hickrt 
rormed by the luUUrr '2^. Hum ilir* 

gttins; Uy a fl.inir lirlti lirlnw tUe nail. 
Watc'li what happrnis. 'I'hc* Unll will Ik* 
sUul out and tVic plalFririii v\ill i(r«:r*iL 

tjsc balls nl'cUfl'rrcri.t Wrights and rc»tn- 
pare ibe lesulis of the exprrimcni, 

V.>J, U'AKC H«’K» 

WATER r.lJl.*nJRE AS A C:I-VSS KKI'ERIMKNT 
Gas jai'S stnd milk iKiitles arc too bulky 
ancl expensive to he- used in iarpfc ntitnbrrs 
for experiments on water culture**. 

"I’hc method described liclow lias several 
theoretical drsiwbacks but, in practice, 
gives good quantitative and qualitative 
tesulcs Lu three to fouc weeks and is suitable 


l«fl ol f,j filler stlItl<-lltR. 

Wlir.ii xrcflliii^^ arc ip'i ininaird for 
.filxnit Iw'F* d.iNs in a mil tiT moist cotton 
\i tMol, ut * 'Up** * »rsi\. srrcllins's ctf c <*»nparablc 
xi/r- aicscb't led, tbr liuits \v'iii]ied in small 
|»Un»s c»rcotloii wool utid iilacc-cl in sicviiiz- 
rrl tc-U-iuUrs of r ijltnrr solution suitably 
bl<H kcrl mit 1 * 1.1111 slrrvrsof dark jiajjcr. 
N«t iiriation is, net r*«*sai v* tboui^h tlir tubes 
iTiuxl be krpi loppc’d np rvt iy day or so 
with distiUrd water. 

‘flic mot syxtetn t, att lie* examined by 
-sliding tlie ic*M-liibc*s out of ibc x^aper 
slecviiiR and the total leal'length and loot 
lenmli be* esliniatc'cl and ec»nii»aiccl in each 
rxpc*! iin<‘iit .'H . 

MAC KKAN 

(Kroni AV/fwe/ .VeiV/fo?’ /ittittv 44 « *103-^04, 
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AN EXPERIMENT ILLUSTRATING CATALYSIS 
The catalytic decomposition of hydro¬ 
gen peroxide hy manganese dioxide pro¬ 
vides the hasis (or a iocheL demonstration. 
The fountain-pen filler in the appai'atus 
illustrated contains lO volumes liydrogcn 
peroxide, at thehottom of the "boiling tube 
a cjuantity of manganese dioxide is placed. 
The ‘rocket’ is about 3in long and is part of 
the ink tube rejected from a ballpoint pen, 
the ballpoint being the head of the rocket. 
The gla^s tube guide is selected for size 
and water is used to lubricate the sides of 
tlic guide tube and rocket When, the 
apparatus is assembled a slight squirt of the 
fountain pen filler causes enough heat and 
oxygen to be Uherated to piopcl the rocket 
to the ceiling. The idea for this experiment 
caine fiom Sweezey’s book Chemicat 
Ala^tc, but the ‘rocket’ carved from balsa 
wood is replaced by the part of the reject¬ 
ed ballpoint pen (Fig. 4). 

Another interesting experiment on cala- 



Fig 5 
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!ys.i» i% t«.» lie-al fM:»rn<* p1.UiiS9tn^r<i 
near the ecljj^e of a pifcr tiS \.>jir a.^atiyc-. 
Tlic catalyst hiis^ltflv .ntd t 

rapidly when the tja’^ flarin'i*» extinf'tiivlietl, 
ir the ga« is inrnrd r»n ajiaiii i 4 ]r>v^-inc£ will 
recommence and it in h\- mam- 

pvilatitni to the ahr»vr the 

'I’his expcriiiie‘iii ij» not chfTi< nil ir* peiloim 
and avoidn the piepaiatifin of a < aeai\si 
vvliich works dircnh from cold. 

(,/btfL p. 413. 

APPAKA'rU.S FOR C:t3E.rFlC:ll-.N*I OF l.INKAK 
KXPAN’SIOX 

'Fhc apptu-aiws shown in Fi^. 5 was hvnlt 


t3l urttf' h.)iifii9 1.81 .lllfl ItMpiijCs vet little 

’.kill III I rvgisi i 1K< I he exp^iiision of 

.1 hi,c*s (nhe 3 <MI * rn. hniu inrlir.ited by a 

|e\ ei SVllIl .1 “<11 .1 l.lfiry. 

I lie esp.aiisioti lakes jilat e rpu< kl> and 
iv ileaiiv sisilde the hack of n elass- 

io«*iia. A typiral expansion is 7.0 cm. for 
a tempeiafntc i ise ot tU*' Cb ’l liis yiclds 
11 . CHMHI1 2 } pel (’ fl n tlte r oeflicieut oflinear 
exp.iiisioii, ] lit* {xniitei < an lu* removed 
fioitt «»»ie ttf tlie pivt»is ^irifl clipped on top 
iiflhe liilie liji eas>. sior.i^^f*. 

,/*»//. p. 4»i0-4fil) 



A Radio Telescope for the 
University of Sydney 


M.I. Large 
Sydney, Australia 


TI'IK discovery of intense radio staxs in the 
sky took astronomers by surprise, for noth¬ 
ing in the light from the stais had led them 
to expect cosmic radio radiation. 

With the discovery, the siinpLc aerials 
that has made it became dignified by the 
name ‘radio tclc.scopcs’ and the new science 


of radio astronomy -was established. It has 
developed X'apidly as an important and 
vigorous branch of astronomy. 

Surpi'isc at the existence of radio stars 
turned almost to disbelief when their posi- 

Ily couriesy of the Australian High Commisaion, 
New Dcllii. 
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ill thr xtrir m*:*if»Aiir«*d. l**i thr^ chti 
ittii M'rm i*t roine-sclcr, witli iiiiv vi .tl*!*' «is»- 

irotiomicai iKidira^ Ilrrc in skv 

powerful, yet invisible* «i an^milifM h <•!' 
radio radiation. 

One remarkable cUsirjvery fi*n**v%.rcl 
anotKer arul wv are jrunv in ilir cil'a 

revolution in aslmuomiral thiiUK;lit an pifK- 
fouitcl a« that vs hi< U fcillimed the « cai^ti n« - 
turn of the Uvr^e opivral u*U»v»jic eniliri ihK 
century. 

Then an astr»riiai!ied world learned ir» 
think and see beyond the staris of the Milky 
Way to the couniU^ distant and fast le- 
rccUnj 5 'island universes' vvliieb are kiiowii 
^^encrally to asiroriamei's a» f^alaxit^. Xov> 
vs’c sec by radio a new and faseinaiinK sky 
populated witU radio stars. A mimber of 
these inappropriately named objects 
they are not or<Hnav*y stars—are jk^alaxies, 
some near, some fur, some at the ftreatcsi 
distances to which optical telcscopt^H liave 
penetrated. As for the majority, wc don't 
know what they arc. Are they galaxies at 
distance so great that the light CVom them 
is too feeble to be detected, holding In their 
radio signals cosmological mformation 
from the remotest parts oT the universe, 
from the remotest past ? W^c do not 
know. 

Purthcr progress depends on making 
unambiguous identiheations with optical 
objects. In this work the most pressing 
need is for new and bigger radio telescopes. 
To design and build such inatmunents is not 
easy. It is a challenge requiring skill, 
experience, a burning enthusiasm and 
financial resources. 

This challenge is being met by the 
Ghatterton Astronomy Department in the 
University of Sydney, Australia, which is 
building a new radio telescope on a level 
site among the hills of the Gourock Range 
20 miles east of Canberra. Dr. B.Y. Alills, 


I'-.K.S.. .( Hc.itlci in ihc S» bcHil t»f* Physics, 
l»,»H clr-^i^iK’cl lUc uiiicnt, an advanced 

4tn«l ?i.»»pbi’«.«ii .tied **ui rcii.M>r iti ihc world- 
r.tiii'uis ihitl iir built near Syd¬ 

ney in 

\ti»c li cif llic dec licuiif ^ ul chc radio 
lde*M<»|^>c has Itfrn designed untl is being 
btiili bv ijif* Sfhr»c»l rd l\lr« tiieal I'liiginccr- 
if!*< w boHC brad, I’l t»fV-*ivr*i W.IS?, C*hristian- 
sni, is bmisclfft i adi»» asU rinnincf of inler- 
rtiilinn.d rcpiifc. 

The ijrvv iiTsti uiiirnt will be very difTci- 
cni 111 .tppcai.mrr fitirii the* fully stceraljlc 
p.ti'.ilHilotd r.tdio trh‘sr'c»prt nt Parkc.s in 
the Slate f*f New .Scpjitii Wales uiicl at 
JcccUcll Hank in l‘tnu;Lintl, It will take the 
furm cTa v.ts.i ririss, die aims being cylin^ 
drical parabf»loid icllrctriiH c»nr* mile long 
and -10 ft. VNidr. 

'rhe reaiHon fin making ibe tele-scope, this 
bixarre shape calls fin srunr explanation. 
When astff)n<»inei?» and itulio astroiiomcr.s 
call for larger trlrscojics they .u*c seeking to 
unprcivc their visiun r»f the itniverse In two 
ways*. The ainuunt (d'llglit or radio radia¬ 
tion gathered by the instrument Increases in 
proportion to the total area of the lens or 
mirror. The ability tr> determine the size 
and shape of what it see.** also depends on 
the dimensions of the telescope, this time 
it! direct proportion to the diameter. 

For optical astronomers, the most usual 
liccd is to gather as much light as possible. 
The best solution is to build a circular lens 
or mirror. 

It docs not follow that the same is true of 
radio astronomy. For the observations wc 
arc interested in at the university, the neces¬ 
sary measurements could he made only with 
a telescope nearly a mile Eicross, The build¬ 
ing of such an instrument would be out ol 
the question if it also bad to have the 'col¬ 
lecting area* of a mUc-dlameter reflector. 
Fortunately it does not. By building the 
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iastrumcnt in Llie foj'm of a cross tlic ncces- 
saiy diameter is realized. The -width of 
arms Is so dioscn. that tltc total aica is ade¬ 
quate. Altliough tlie arms are vci y long, 
they are not unmanagcaljly wide. 

Xhe insUurnent works in the fiillowing 
way XIic arm of the eioss that is aligned 
cast-west collects all the radio emission 
from a stiip of the sky nairow in. the cast- 
west direction and wide in the noith- 
south direction. Xhe north-south arm 
similarly collects the radiation from a 
narrow strija of sky aligned cast-west. 
The inlensccLion of these two strips defines 
a line point in the sky The electrical 
signals from the two are so comhined that 
only the radiation from this region of intcr- 
acetion. is recorded. This then is the direc¬ 
tion in which the telescope is ‘looking* 

Xo change the direction in Vv'hich a radio 
telescope looks, you usually move it pliy- 
sically This is unthinkable for the present 
instrument on. account of its size. Xhe 
elevation (angle from the horizon) in which 
the telescope looks is changed by purely 
electrical adjustments of the north-south 
arm It may seem strange tliat this is 
possible. The adjustments have the same 
effect as tilting the north-south arm about 
its east-west axis. For small angular 
movement, these adjustments of phase in 
the north-south arm arc sufficient. For 
larger movements, the east-west arm must 
be altered also and it is tilted appropriately 
about its long axis 

An advantage which follows from this 
electrical method of steering is that the 
telescope may be made to look in many 
directions at once. Initially there will be 
I I beams (directions of looking) at a radio 
wavelength of 73 centimetres and thi-ee 
beams at a wavelength of 270 centi¬ 
metres. No attempt is made to steer the 
telescope to the east or west, for the daily 
rotation of the earth sweeps these beams 


smoothly over the sky at a very convenient 
rate, building up a picture of the radio 
emission. The setting of the telescope 
may be altered ciuickly so that it will be 
possible to observe many difTerent parts of 
the sky in a sinlgc night’s observation. 

However, the most common use will 
be for the basic sky survey when the 
setting of the telescope will I'emain un¬ 
changed for most of each 24-hour day 
In one night, a narrow strip of the sky 
will be observed. On the following night 
a partially overlapping strip will be 
observed so that in due course the whole 
of the southern sky will be covered. 

Xhe building' up of radio pictures of 
the sky in this way is rather like the way 
in which a television image is formed from 
the lines of the raster, but a thousand 
million times slower. During the obser¬ 
vations a picture of the region being seen 
will be formed automatically on a modi¬ 
fied, fac.simile chart recorder. Isophotes, 
lines of constant ladio brightness will be 
plotted to show the distribution of radio 
emission in the sky m exactly the same 
way that contour lines indicate heights 
on a map. 

In addition to this chait I'ecord of the 
observations, there will also be a magnetic 
tape record of the results in numerical 
form. There will be about 1,000,000 
numbers logged in this way during each 
night of operation. These data tapes 
will be read into the university’s large 
electronic computor (an English Electric 
K.DK9) for detailed analysis. 

One of the main tasks of the telescope 
will be to obtain accurate positions, 
intensities and, where possible, angular 
sizes of up to 100,000 radio stars and 
statistical information on the distribution 
of a very much larger number. The 
identification of only a small fraction of 
these with optically observed galaxies 
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vv<*uUl Ur <ii c»4<‘» au' m 

undr*•<,tanclin? 2 , lUr naluir .usd r^oJ^uar*** 
of the univer'ssc. 

It vclll aHn he jucp.air an 

extremely detailed m.ij* the 

rmistsion rioni thr !Milk> \Va\ 'I han wall 
he df^ne in a sjirt ial H*irve\ Hur»n .liter thr 
ijistriimruL is rnnipleted. It fiflris rxt ii- 
inpf posslUilitLcs titat «mly <d‘sreini^ in tcre»it 
detail the parlst uT the ji^ahixy that are 
hidden IVtun uptical view hy the f>alartit' 
dust, hut also piovidintT new inrorrnattiiii 
on the atrueiure of the iiKclf. A 

wealth cjf dc.ttul should he. rt'^stslv^ed in the 
IsIagcUatiir CUouds and in fiiher nrai Uy 
g^alaxies. 

It has hceiv menti^anod that the trlcsmpr 
will operate ainiuUanrously fin two radif* 
wavelengths, ’^riua is iin])nt*iaiit Ueraiise 
the way Jn whieh the radio [>r>wcr from 
asU’onomlcaL htjdics varies with wave¬ 
length is of great interest to i^strophysieiHls. 
In tills eoniiec’tion it is worth poiniiiig out 
that the large steerable radio telescope at 
Parkes is ideal for observations at shorter 
wavclcngtha than those used by the new 
cross so that the two insivumcnls will play 
complementary roles in elucidating the 
mysteries of cosmic radio radiation. 
Indeed the range of studies that will be 
possible with, the new instrument will be 
tremendous. If the last few years of 
radio astronomy ai'e a reasonable guide, 
we may expect new lines of investigation 
to be opened up by the new telescope. 

It is planned to operate the telescope on 
a regular basis of observing for 20 liouns 
every day, except when adverse weather 
conditions such as high winds or thunder¬ 
storms prevent it, Usually no obser¬ 
vations will be made for two hours each 
side of noon, when radiation fiomthc sun 
would serioxisly interfere with the results. 
The break will be used for carrying out 
electrical tests to ensui*e that the entire 


itr^i* tiKiir <1* I- When 

vrs . tbf N»»5i stsrli is tin* su>)]c*c t of 
Kliidv. •♦bsc-i \ .mhuis -vviiy lU'rfssai ily be 
Xll.irh* .11 norm. 

C )tal\ »i opri iitiui,!; suifl' will be 

ic<{tiiird.. Its addilioii lo ii residont 

*u ih»c-f mciTiluns of the 

sc initilu and in huit nl si.ilVwIll prtibably 
br «il ibr siir vnIicmi valions 

iU'c til piiHire’s?*. '1 hfir iimuctUatc Job 

will f»c m rh.intic tlio pai*c‘r t'hui is and 
ii»ar»ru‘ii< tapes daily, and to cm ly out 
thr 1 imiinr rhrrlts, Aliht»ui»h ibt* nistm- 
rnriit h.i*t brrii df*siipicr!l .so that tjpciation 
fiotn o»ir» tlay to thr nrxi dors not depend 
on tnnttiitimis si*iVfill.iiit-r )>y thr staff, 
in lUr €*aily days of f»pri ali*»u none of the 
scirtttisl'i inv<»Krrl will l»r able Uj resist 
Hluyitig aw.'ikr at night to Nvatth the 
r»utpnt appear on thr rhai I tuid speculate 
tni its signihcaiu'c*. 'I'liis is a universal 
orrnpalional wrakiiesK of raclu» astro- 
rioiiK’r.s, 

No arronnl of a new radio irlcseope 
would he eompirtc- witluiut putting it in 
its place sunoiig i>llicr radir* irlesropes in 
thr w'oild. "i'his is complicated hy the 
fact that rnch jiistrutnrnt is Rpccilically 
dcsigiictl foi’ a partlcrului* kind of obser¬ 
vation. The rally cfirnparable instru¬ 
ments arc lliK iicTw ‘aperture sv'tilhcsis’ 
telescope that Profcssoi l<.yle is building 
*n Cambiidge and the proposed 
'benclux Cioss'. Botli tlirsc instruments 
have their individual merits, and will 
have a pci formanre similar to that of our 
new cross. In the southern sky, the 
University of Sydney’s cross telescope will 
be unique. 

The work on the isolated plains at the 
head of tVic h-Iolonglo Rivci' near 
Canberra proceeds raj^idly. Tlic first 
stage of the steel work is almost complete, 
and it will not be long before several 
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hundred thonsand squat e feet of 1 mch 
X ^ inch galvanised mesh arc l>emg 
stretched into position on the cast-west 
arm. Radio aslronomei.s have been 
accused of lack of hiimillLy in thinking 
that a few acres of chicken wire strung up 


on a field will ever solve the problems of 
the univeise That may well be so, but 
it is difficult to visit this remote site and 
watch the instrument taking shapewithout 
feeling that this strange engine might aftei 
all lie in close communion with natuic 


North-South Arm 

Length 

Width 

Aiea 

Total number of dipoles 
Total number of amplifier.'; 
Method of steering 

Ea.st-We.st Arm 

Length 

Width 

Area 

Total number of dipoles 
Total number of amplifiers 
Method of steering 
Regions of sky accessible 

Frequencies of operation 

Beamwidths to half power 
(angular detail resolvable) 
Total weight of steel work 


TECHNICAL DETAILS 


5200 ft , 179 29ft. modules. 

42 ft. 

218,000 sq. ft. 

4296 or 24 per module (for 408 Mc/s). 
179 or 1 per module (for 408 Mc/s). 
Fdectrical phasing or dipoles. 


5200 ft. 176 29ft. modules 
38 ft. 

194,000 sq. ft. 

2816 or 16 per module (at 408 Mc/s). 

22 (at 408 Mc/s). 

Each module mechanically tilted 

55° north or south of the zenith, i.e., all declinations 
from + 20° to —90°. 

408 Mc/s± 1.3 Mc/s (73.5 cm wavelcnth) 

111 5 Mc/s±. 13 Mc/s (270 cm wavelength). 

2.8 min of arc at 408 Mc/s. 

10 mm of arc at 11 i . 5 Mc/s. 

600 tons 



Fistfuls of Power for the Pleavens and Earth 


Bruno Friedman 

Mmijiinrr tiMcIc-wir povk«-r pAtK,iK'*> Af*’ \»’lr»prfi u» H;**in-r.-sir' r-h-Mruuv r«rir and 

ttfwst'rt rah. with many jipplic--»l»rm< fi««\ n'li «*» rariti. .Mr^'Jtlv -viirh p.tc ait* hrirtg 

used in rohoi wraOtri ami in •ship iiAvigitiKsn 


‘X'EIKRIC* i\ csmrcpiion of mighty 
King of the Oocls, licstriding the heavens 
with a fistful of lightning holts and hurling 
them towards the Earth. Iii IfiGl this 
pirturc acquired a form of mtjdcrn-day 
reality, for in June and November of that 
year, two tjriitcd State's navigation, 
satellites, Transit 4-A and Transit 4--B, 
wore shot into orbit. These statclUu^s, 
the first in. what will eventually he a 
series of iiuvlgaiicm satellites for the thS. 
Navy, designed to aid ships to pinpoint 
their locations on the seas of the world, 
each contained a remarkable little electric 
generator, using the power of the atom. 
Thl^ was a landmark in man’s developing 
technology, for it marked his first use of 
nuclear power in. space. 

The generators, named 5SNAP-S, each 
weigh merely two kilogrammes and arc 
barely the size of a grapefruit. The 
electricity they produce, over their lifespan 
of five years, is equivalent to that turned 
out by five tons of automobile storage 
batteries It is used to operate instru¬ 
ments and small radio transmitters. 

Truly, the mighty atom harnessed to 
make electricity in the heavens is the 
virtual image of Zeus flinging his lightning 
bolts to earth. 

The SNAP-3 electric generators are 
but the first in. a numerous series of 
compact power generators intended origi- 
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natty l<» ]U'iJvicle power for weather and 
other-pui'jKisr sateltites, space stations, 
spareerafi, iuid ev’cn colonif«« of spacemen 
on the moon and in the tiv^u-c distant 
future —cm other planets. "I'liey are all 
remarkable for the pmcluetimi of com¬ 
paratively lar^e amounts of power in very 
compact volume over a vei y tong pciiocl 
of time and with very little or no supci- 
vision by humans, 

*I‘lie SNAP .sc* ies *»f nuclear powci 
grneratoi's - inking its name from Sy.steins 
for Nurlcni Avixilinry Power is being 
developed under the Atoirue. Energy 
Commission of the United States. While 
originally conceived foi* space use, their 
concept has been broadened to include 
earth-l>ound applicallons. They range 
in. power output fr«>m the grapefruit-sized 
SNAP-3’s three ^vatts to a giant which is 
expected to produce about 1>QC)0 kilo¬ 
watts. The latter will he used in deep 
space missions, not merely to provide 
power to sustain, life and equipment 
aboard the spacecraft, but mainly to 
provide thrust. 

T'wo 'Types of SJ^AP Generators 

There are actually two types of SNAP 
nuclear power generators, each based on 
a completely diCTerent technology. Con¬ 
sider SNAP-3. This active little grape¬ 
fruit of power represents one type, all 
of whose members have odd number 
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dosi.u^iiatioiis. It is hmspd ou th« c.r>nvcr- 
sion heal pi tjclur.rd by dtii'iiyin>f radio¬ 
active elements dircrtly into clcetririty, 
witlKiuL ctiiy rnoviiif^ I>arls. 'I’iiese ladio- 
activ'c clcjTifnta may be extracted Irom 
the wastes oi' miclear power ptanis or 
may be prepared by exposin^jj a selcrlccl 
metal to intense radioactivity in a miclear 
reactor core. 

A small pellet of PUilonuim-23fl, aur- 
rouncled by a linusinj?, is the power source 
in .SMAP-3. Other radioaottve metals 
are ^^scd in other mein.bei'S of tills series 
of generators, called ‘atomic Iiattcrics* 
or ‘radioactive isotope generators'*. 

SNAP-? vises Strontium-90 aa the radio¬ 
active fuel. Various SNAP-7 models, 
which iniL out either 5 or 30 watts of 
power, are now being used or will shortly 
be vised by the United States Coast Ouard 
and Navy in navigational aids and auto¬ 
matic weather stations set up in the 
Ai'ctic and Antarctic, as well as in a 
Hoaiing wcatlicr station. The naviga¬ 
tional aids are svich items as a channel 
l>uoy, a land-based navigation light, 
and an experimental navigational 
beacon. 

Another reactor, the SNAP-11, uses 
Gurium-2'42 and is expected to provide 
about 20 watts of power continuously for 
90-day missions to the moon. It weighs 
only 30 lb. including the shell arovmd the 
fuel element and will also provide heat 
to heli5 combat the bitterly cold lunar 
night. 

■Yet other SNAP generators using 
radioisotopes arc in the process of develop¬ 
ment. Their compactness and their 
safety, which has been, fully tested in 
numerous ways, plvis their continuous 
vmsvipervised, trouble-free operation will 
make them ideal for many uses on our 
planet. 
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SjVAP Generators hi Unattended Instruments 

It is possible, for example, to foresee 
the U.SC of such generators in unmanned 
instrunrcriLs which will automatically 
report information on the patterns of 
flood conditttjns in rivets, in unnaanned 
scisrnologLcal stations and in various other 
geological devices to help in the undcr- 
.standing of our planet, particularly in 
Africa and South America where vast 
areas arc still largely mysteries. They 
Could serve, too, as forest-fire warning 
stations. 

Potentially, radioisotope generatois 
could be very inexpensive. It has been 
stated, for example, that the cost of the 
components of SNAP-3, exclusive of the 
fuel pellet, can be brought down to 
$200 on a mass-production basis. The 
problem is the cose of Che radioactive fuel. 
It is possible, however, that economical 
ways of recovering fuels from the radio¬ 
active wastes produced by nuclear power 
stations may be developed, though the 
problem is a diflicull one. 

J3aby Unclear Reactors jfor Large Quantities 
cff Power 

For large amounts of power far beyond 
that which can be provided by SNAP-3 
and its similars, another series of SNAP 
power generators is being developed. 
All of these are designated by even 
numbers. They are miniature nuclear 
reactors and they operate in the same 
way as the giant nuclear power stations 
being built in many countries to produce 
electricity for homes and industry. The 
down-scaling of nuclear reactors to a very 
compact size is an. outstanding techno¬ 
logical achievement. Prototypes of these 
—comparatively—tiny reactors have prov¬ 
ed themselves in ground tests since 1959. 
Starting in late 1963 and through 1965, 
the first flying versions of the several 
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difTerent modefe will be .ilnfi in 

ssatellitc* and space, pmlvr--,. 

The principle of a rr>«t<«r ii t|iii«i" 
different from that ofa i.idinat live iMitniw 
generator. ^V'l^c■r<■il>! in a gcnri.anir iikr 
S!SlA1?-3 the heat tli.u is t niiv ci led In 
electricity results (Vom tin- sfKintaiimns 
decomposition of atoms, in a i rat tor like 
SNAP-2 the decomposition of aioiii'i is 
stimulated. As one radioactive atom de¬ 
composes (or fissions), it releases neulnms 
which strike the nuclei of other atttms 
and stimuiatc their fissioning, tliese in 
turn releasing neutrons whicli can conti¬ 
nue the chain reaction. 

Rcaetoi-s in this series will provide 
long-lived power ranging upwards to 
thousands of kilowatts, with weights of 
the reactors plus shielding ranging fiom 
hundreds to thousands of kilogrammes. 
Their fuel is, generally, Uraiiiuin-235. 

The smallest in the series, the .SN'AP- 
lOA and the SNAP-2, will generate 500 
and 3000 watts, respectively. *I’Uey 
will provide the electric power needed 
for operating ecpiipmcnt and instruments 
aboard spacecraft, Larger models like 
the SNAP-8, which will develop 30 kilo¬ 
watts, will be used to provide thrust to 
move the craft through space when man 
starts travelling outward to the planets. 
The same thing is true of the very large, 
1,000-kilowatt SNAP-50. Here wc pro¬ 
ject into a more distant future, for 
SNAP-50 IS visualized for spacecraft 
carrying 20 or more men. 

Power Stations for Remote Areas 

Compact reactors such as these have 


iiniurili.ili'lv fi*a csrr.iblc tines us power 
sl.itions in icinoie uir.is where the cost of 
electing f Mnvcntimi.il power staiions and 
nl ti.iimptii ling cM.il <(i oil to tliesc stations 
is piohiliili\r. In tile pol.ir regions and 
in ileep jnm.Ie .ileus fur .'iiv.iy fioin trans- 
]torluttoii where iiiipoitant seicnlilic or 
iiidus(ii.il woik tmiHi lir done llie itistal- 
hilioii of siK h le.u'toi's sccins spcrilically 
iliiSii uicd. 

Another ininiethulely fiurseeahle use 
is in < ominuiiif alioiis s.itcl!it(“S capable of 
tr.ansmitrnig i.ulii) and television pro- 
gr.iimncs tliicitly to our lioincs. .Such 
satellites would lie f.tr superior to Tclstar, 
the first s.ilcllite used frir linking conti¬ 
nents \Noith .'\nieiir\t and Huiope) by 
television. 

Telstar is tneiely a very low power 
relay station, ft inn do niithing more 
than i-eti-.iiisiiin a lelevisinii signal sent 
out fioiii .1 ti.msininer on one continent 
to a traiismillcr on aiiothec contiiicru. 

Rearloi -ptnvei cd rrinumniicutitnis satel¬ 
lites will have siiflirieiii jKiwcr, measured 
ill kilowaiw, to liinadrust the television 
signal directly into homes, without the 
iulenuediary of a ground-liascd trans¬ 
mitter. 

Before such communications uses can 
be made of tlic compact SNAP reactors, 
the advanced satellite and reactor teebno- 
logies required must be further developed. 
How soon? Ten Years? Perliaps. By 
then tile same telcvi-sion programmes may 
be viewed, as an unremarkable event, by 
peoples of the various contiiiciU.s. 




New Australian Instruments to Probe Ionosphere 


Patrick Davidson 
Sydney^ A.ustralia 

TWO radio exports irx the University of 
Sydney have dcvelciped a most versatile 
instrument dcsipftiod to study the 
ionosphere. Their 'small package* inven¬ 
tion has a variety of functiorLS. 


It is a tool for fundamental research 
into the constitution of the ionosphere, an. 
indicator of suitable i*adio frequencies for 
transmission circuits, and a camera that 
produces an immediate picture of the 
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upper atraospherc aL a given. Height. As 
part of thia latter function, it shc)ws the 
highest frequency at wliich short-wave 
transmitters can send signals at that 
time. 

The instrument, a neat and tidy elec¬ 
tronic device, is versatile, compact, light 
in. weight and cheap to make. It mea¬ 
sures 22in. in breadth by 22in. in depth 
by 34in in height and weighs 270 lb. 

The Weapons Research Establishment 
at Salisbury (South Australia) has let the 
contract for its production and expects 
its price on the market to be about 
£A5000. 

The inventors of the new Australian 
instrument are Mr. Lloyd Heislcr and 
Mr. Les Wilson, ofUcers of Australia’s 
Commonwealth Scientific and Industrial 
Research Orgamsation attached to the 
Radio Research Board Laboratory in the 
Department of Electrical Engineering at 
the University of Sydney, They have 
called their device an honosonde* but its 
more formal name is ‘automatic variable 
frequency ionosphere recorder*. 

The university has patented the instru¬ 
ment, which will appear on the market 
early in 1964. 

The ionosphere is an area of the earth’s 
upper atmosphere starting at about 60 
miles above the surface and continuing 
out for some 200 miles. Ultra-violet rays 
from the sun electrically charge the 
particles in this broad belt to form ions— 
electrically charged atoms. But for 
the presence of the ionosphere, short-wave 
radio transmissions would travel straight 
out into space from their points of origin. 
Short-wave messages are possible only 
because the signals bounce ba.ck from the 


ionosplicic. At tunc.s of solar activity, 
magnetic storms often inteifere with i adio 
communications. 

Mr- Hcislcr said that the primary 
liinction of the ionosonde was to carry out 
research into the ionosphere. Its other 
facilities wcic l^y-jiiroduct.s of this function. 

‘Cine of the qualities of the instrument,* 
he added, ‘is that it electronically scans the 
frequency range. Other equipment with 
a similar purpose lias to depend on 
cumbersome mechanical means of scan¬ 
ning, Tor example, other equipment 
covers the frequency range of from one to 
20 megacycles in a sweep time of 30 
seconds. The ionosonde covers the same 
range in two seconds. This is 2 ^articular]y 
valuable for the study of rapid changes in 
the ionosphere. Wc did not previously 
even suspect some of the changes that v/c 
have since obscivcd. 

‘The ionosonde measure.^ the electron 
density at a given height in the almos- 
pheie. The touch of a lover enables it 
to select any clioscii frequency range 
between one and 2(1 megacycles for its 
frequency sweep. Wc can also consider 
the instrument as an ionoscopc. By 
touching a button, an investigator can get 
an immediate pictuic of the ionosphere 
over a given frequency and height range, 
displayed on a television, screen built into 
the equipment. 

‘As well as producing pictures for 
fundamental research, this faciliLy also 
indicates the highest frequency at which 
shortwave radio messages can be trans¬ 
mitted at that time. We have added a 
second screen to the equipment to disjDlay 
pictures which an attached camera will 
photograph in scries on 35nam film.’ 
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Scientists You Should Know 

ANTONI VAN LEEUWENHOEK (1632-1723) 


PIONEER OP MICROGOSMOS 

TI-IE name of Antoni van Lccuv/cnhock 
needs no introductioia amonf? biologists or 
bacteriologists. lie >vas the. man who 
discovered the micro-organisms and from 
whose house news reached the world of 
the discovery of spermatozoa—the male 
reproductive ceils. Van Leeuwenhoek 
does not appear to have been, in any way 
destined for immortality. Born in the 
town of Uelft, on Clctol)er 24, 1632, 
he was the son of a baskctmakcr. This 
was, perhaps, not quite such a modest 
beginning a.9 may appear at lirst sight; 
we must not overlook the fact that the 
famous IDclft chinaware of those days was 
sent all ovei' the woild packed in baskets! 
His mother was the daughter of a brewer 
and was related to a line of City Fathers. 
The young Antoni was destined to enter 
the cloth trade, for which he received, 
training in Amsterdam. It was un¬ 
doubtedly thei'C tViat he learned to use a 
magnifying glass—the means by which 
the threads in tlic woven material were 
counted. In 1G54 he set vip in business 
in his home town. In those days. Delft 
was one of the largest towns in Ilolland; 
it had its own port and wa.s a centre of 
considerable trade. Two old bills which 


have been preserved indicate that Van. 
Leeuwenhoek began as a haberdasher, 
but in 1660 he was appointed Usher to 
the Aldermen of the town. Shortly aftcr- 



Fig. 1 Leeuwenhoek's magnifying glass 

wards he took on the additional office of 
Municipal Wine-gauger in which he was 
responsible for seeing to it that the wine 
vats were of the correct size. He also 
look an examination, as Land Surveyor. 

As far as can be ascertained, Van 
Leeuwenhoek did not commence micro¬ 
scopic research until he was about 40 years 
old. Certainly he was not the inventor 
of the microscope (as is often stated) but 
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he was one ol’ the Tn st to -make intensive 
use of lliat instillment. The pioneers m 
microscopic research were headed hy the 
Italian scientist hdarcelli MalpiRliij the 
l:l»nglishmaTi Rohevt I-looke and a counli’y- 
man of Van Lccmwenhockj Jan Swammer¬ 
dam. Their puhlicatLoiia weie read 
mainly in. scienljOc circles whereas the 
works snbscqurntly prorlucefl hy Van 
LEcriwcnhoek were consumed m a far 
wider circle. 

In the beginning, Van l..ceu\vcnlioek 
had no intention of making the results of 
his observations known but a fellow towns¬ 
man Rcmiei dc Graff, an anatomist and 
medical practitioner, succeeded in persua¬ 
ding him to pass on the infoimation on 
his findings to the Royal Society in London. 
Van Leeuwenhoek had no knotvlcdgc of 
Latin nor, indeed, any foreign language 
and thus the scientists in London were 
oliliged. to have his letters translated 
out of the Dutch language. They were 
interested in the contents and, in fact, 
asked him to send further reports on hia 
observations This was the signal for a 
series of more than 250 letters covering 
half a century, from 1673 to 1723, the 
contents of which created amazement and 
admiration all over the world 

Van Leeuwenhoek made his own 
microscopes, tiny little instruments no 
larger than a matchbox and consisting 
mainly of two metal plates riveted 
together with a small opening containing 
a single, ground lens about the size of a 
pinhead- Just how he ground liis lenses 
we do not know; that is one of tlic secrets 
which died with him. We do know, 
however, that he made sevcial hundred 
of these tiny microscopes, of which only 
very few still exist. These include speci¬ 
mens now in the National TVluseuin for 
the History of Science in Leiden and the 
University Museum in Utrecht. The 


latter is the strongest and has a rnagm- 
fying power of 270. 

But the manufactiu c of these instru¬ 
ments was not Van Leeuwenhoek’s greatest 
pioblem; that w'as to make a good prepa¬ 
ration .iiid, having done so, to fix it in 
jiosilion in ihi' rnic'roseopi*. '!>> this end, 
the instruments were fitted with a small 
needle winch c'ould lie iii’oiiglu into 
position exactly in front ol the lens with 
tlie aid of two small scrc^^■.s. For spoiled, 
model n people like ns it is incompre- 
liensihlc that Van I..ccuweiihoek could 
have made so many, and sui'h accurate, 
ob.scrvations svith his lirimitivc niiero- 
scopes and have penetrated so deeply into 
tht‘ mystei-ics of Natiiie. So little was 
known of the ‘world in the mieroscopci* 
that every slide which he jjhieed under 
his lens produced new—and often sur¬ 
prising—infoimation. Me combined skill, 
ingenuity and endless patieuce, in examin¬ 
ing everything whieii came into his hands. 
In the field of zoology alone it has been 
eslablishcd that his rescaiclies involved 
more than 200 atiimal species. 

But Van Leeuwenhoek investigated 
many other things, for example milk and 
butter, the growth of Jiair and iisiils; 
bones, teeth and Lusks; tlic skin Euid 
muscles, tlic eyes and nerves. I-Iis dr£iw- 
ings of striated muscle libies and of the cell 
nucleus in. the red blf^tjcl corpuscles of fish 
deserve great admiiation. I-Ie examined 
the structure and opeicition of the eyes of 
insects. It was he who divsc'overcd that 
eels had scales; this gave rise* to the assump¬ 
tion that the age of a fish can he ascer¬ 
tained by the niimbci' ol stale layers, just 
as the age of a tree can be seen from, the 
number of rings in the trunk. A compari¬ 
son of Van Lccuwciihock’vS drawings of 
the anatomy of timber with tliosc of his 
predecessors Malpighi and Ovcw will 
show that he had had a much clearer 
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insight into tUe strucUirc- liis desciip- 
tioiis and illustrations were tUe best in 
cxistcm^e prior to the 19th Century. lie 
devoted consideiable attention, to other 
vcf?cta1)le tissues too, mainly fruits and 
seeds of wiiieh he. elosely studied the 
cmhi yob. hie aisfj studiocl plant frills 
and the behavioxu' of the loKneumon fly, 
and noted that tliesc jiarasites wcic 
capable of devclopinR’ cmly in specific 
types of host. Van T..ccuwenhoek*s in¬ 
terest was centred in the biological field. 
His medical research was only fragmentary 
and yel one of his discoveries was destined 
to be of inestimable value to medical 
science; this was the discovci-y of micro- 
orp;anlsms. Although he described these 
in a letter to the Royal Society as far hack 
as 1G74, neither he nor die members of 
that worthy society realized at tlic time 
that a whole new world was about to 
open. Only when, in Octolier 167(5, Van 
T.rceiiwcnlioek de.siiatclicd a long letter 
containing information on Rotifera C'vheel- 
ccl animalcules), Protozoa (single celled 
aitimals) and bacteria was the real 
significance recognized. 

As a basis for his calculations. Van 
Leeuwenhoek u^sed the comparison with 
miUet seeds and grains of sand; the result 
was that the smallest ‘beings’ which lie 
Disserved (bacteria are now regarded as 
part of the vegetable woild) were onc- 
milhonth of the size in volume of the 
miles which were generally regarded as 
the .smallest in existence. In the begin¬ 
ning the experts in. Ijcmdnii were unable to 
believe the results of these observations 
but the stream of letters from Van Leeu¬ 
wenhoek (ontinued to pour into the 
Society’s headejuarters. Nlore than a 
year ptvsaed before, in November 1677, 
these could be verified. Van Leenwen- 
hoek immediately became the *man of 
the moment’ and even the K-ing of England 


commanded a demonstration. of the 
incredible animalcules which liad revealed 
themselves under the IDutch scientist’s 
lens. 

Van Leeuwenhoek did not rest on hi,s 
laurels. Haid on the heels of his reports 
on the dj.scovcry of bacteria came his 
letter indicating that he had discovered 
the existence of spermatozoa. A young 
man by the name of Ham who was study¬ 
ing in Leiden had shown them to him; 
and once he had seen them for himself. 
Van Leeuwenhoek was immediately con¬ 
vinced that what he saw was the embryo 
of animal life. In the ensuring years he 
succeeded in identifying these embryos 
in dogs and human beings, but that was 
not all. He also confirmed their existence 
in very Liny insects and animals such as 
lice, fleas and mites. These discoveries 
convinced him that these minute beings 
did not just ‘happen* or emerge from 
dead matter but that they reproduce in 
the same way as do higher animal species. 
T-'lic battle against the concept of spon¬ 
taneous generation runs like a scarlet 
threat thiough his subsequent letters. 
He also fought a battle on. another front 
in icgard to the theory of reproduction; 
shoi'tly before Van Leeuwenhoek’s dis¬ 
covery, his fellow townsman Reinier de 
Graaf had discovered the existence of the 
ovarian follicle in mammals. This was 
named after him. A lengthy argument 
ensued between the ‘ovists* who regarded 
the egg as the nucleus of life and the 
‘animalculists* who, headed by Van 
Leeuwenhoek, stuck to the theory that the 
spcimalozoa were the material beginnings 
of young organisms. This argument was 
indeed lengthy, it took two centuries 
before It was established that the ovary 
cell and the spermatozoa perform equally 
vital roles in the process of reproduction. 

It IS not easy to sum up the position 
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wliicli Van I.eciiwen.liock nc.cnpic'cJ in. 
the History of science. Mis discoveries 
were the foundation stones of rcsearcli in 
many fields. But He did mucH more. 
He was never afraid to ccniplc specula,tir»n 
to the reports of His t»Hservations. 'fhis 
was tantamovmt to a confcssioiv that his 
Hypotheses might iifit stand up to further 
inveatig-atlon. Indeed he often withdrew 
an opinion which he had expressed 
earlier. But because lie was imbued 
with the courage of the simiilc-heartcd 
and allowed his speculations to he dis¬ 
cussed in the open* he succeeded in 
putting minds and pens to work. Tlie 


B.oysil Sf>ciety published his Iclteis—or 
extra<*l.s fjorn them—in l^hilosophical 
'r'lrifisactivnTf one f>f the most widely i-ead 
seienthie pnlilk-atif>ns of the clay. This 
puhlLcLty tLirnecl Van I.ee.iiwcMilioek ficjm 
an isolated amateur into a .scientist of 
vv'oricl refjute; hitcj one of the most famcjus 
figures of the period in iUet. 

Rulers and selc'rUisLs attended his 
laboratory clamouring fcji* a demonstra¬ 
tion of his dLseo veries. With Van 
I,.ecuwenhoek’s death in 1723 at the age 
of 90, the city of IDelft mourned one of its 
greatest citivicns of all times. 



Test your knowledge 


What is light ? 

The modera view is that light is a Torm 
of energy travelling- at a con.statil velo¬ 
city. T'ln; qua/ita of light hchavc IjoIIi 
as tiny material particles and as waves. 
This contradictory character cannot be 
understood easily. The terms can be 
reconciled by the rise of the mathematical 
discipline of Qiiantum JvTcchanics. 
Visible light is merely a small portion 
of tlie total cloctromagrictic radiation 
•spread over a range of wave lengths. 
The individual quanta or packages of 
light are called photons. 

iV/inl does ICiustein's equation K —s^IC* iii^an ? 

It means that if matter having a mass 
Mi IS converted into cncrpjy, the amount 
of energy (K) thus derived will be equal 
to the mass times the square of the 
velocity of light which is 300 million 
metres per second. The square of the 
velocity of light is enormous and hence 
the energy available even in a small 
particle of matter is extremely large. If 
M is measured in kilogrammes and G 
in metres per second, the value of li is 
in joules. Nuclear reactors convert 
matter into energy. It is more diflicult 
to change energy back into matter. 

What is the principle of the vacuum tube ? 

A sealed bulb of glass is exhausted of 
air to a high degree. The filament 
inside is made to glow by a current 
fed into it through the tube base. Near 
the filament is a plate of metal and 
belweeii the two a grid or metal screen. 
All three arc insulated from one another. 
A high, direct current voltage is applied, 
between the filament and the plate by 


a battery on the outside, the plate being 
positive. 'When the filament is heated 
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Fig. 1. Vrtcvivim lube 

a stream of electrons flows from it to the 
plate. This stream can be controlled— 
allowed to pass* slowed down or cut off 
ciiiircly—by very small voltage varia¬ 
tions on the grid. It always flows in 
one direction toward.s the plate. Thus 
the tube is a one-way Valve’— a name 
it still carries in England. This name 
was given to it by Sir J J. Thomson who 
showed that the emitted, particles are 
electrons. 

W^hat is cholesterol ? 

Gliemically it is a fatty alcohol natural¬ 
ly occurring in the bile. When produ¬ 
ced in. excess (by eating too much fat 
or sugar) it is believed to form a hard, 
insoluble deposit on the inner walls of 
the blood vessels. This narrows them 
down, raising tlicir resistance to flow 
of blood and hence raising the blood 
pressure. Excess cholesterol is a major 
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cause of \i:\n\cuUnx uf ax levies and tluis 
also a laajctv cause of cleath. 

'riie excess can be controlled by avoi^ 
ding saturated fats and by drug therapy. 
The common dietary fats arc essential 
to body moiabolisni, in moderation. 

Which is the most ^famous of all cornels ? 

The most well known comet is Itallcy’s 
comet. This appeared in 1910 and is 
due to appear again in 1985 or 1986. 
This comet has been seen at intervals of 
about 76 years c.ver since 240 n.c. 

J-Ias the Harlh ever come in the path of Halley's 
cornel ? 

In 1910, it was believed that the earth 
would pass through the tail of Halley’s 
comet which was supposed to contain, 
cyanogen, a poisonous gas, but the 
greater density of Earth’s atmosphere 
seems to have protected tV\c inhabitants 
from any harm. 

Is iivilighl longer in the temperate or 
torrid zone ? 

Twilight lasts sometime after sunset 
in the evening and just before sunrise 
in the morning. Miornlng twilight 
begins when the sun reaches a point 
18° below its rising horizonj and it lasts 
till the sun reaches a point 18^ below 
its setting horizon at night. In the 
torrid zone, the sun approaches the horizon 
at an angle nearer the 90® than it docs 
in a temperate zone. Hence the path 
of sun from 18® below horizon is more 
direct and shorter. For that reason, 
twilight is always shorter in the torrid 
zone than in the temperate zones. 

Z)o sponges have shelelo-ns ? 

The tissues of the sponges require some 
support as do the tissues of other animals. 
Such a Support exists in sponges in. the 
form of fine scaffolding made up either 
of numerous interlocking spicules^ or 


ciystallinc rods which are eitlier calca- 
rocni}* or siliceous. Both these may be 
al»sciit aiirl the skeleton may be merely 
a tough fabric til' horny fibres. Skeletons 
of spougcH witb siliceous spicules are 
known as glass sponges and are inhabi- 
taiils ciV deep, .still water.s. They exliibit 
remarkable beauty. 'Tlic commercial 
sponges, that arc known as bath sponge, 
are skeletons of the horny type. Living 
sponges arc black and sHmy and after 
some treatment and bleaching they are 
sold as both spotiges. 

Why is time reckoned in hourSt minutes and 
seconds instead of in decimals ? 

About 3000 years ago, the Babyloni¬ 
ans used the sexagesimal system of 
numbering, based upon a multiplication 
of 6, instead of the decimal .system which 
wc now use. The circle wa.s divided into 
60 X 6«=-360 degrees. l-'ach degree was 
divided into 60 parts and cacli of the 
latcci in turn into 60, The first part 
came to be known as ‘minutes* and the 
second small part ‘second*. These arc 
derived from the original Latin names 
given them by Ptolemy. 

The round face of the clock led man 
to divide the hours into minutes and. the 
second small division into seconds. 

W^hen was radium discovered ? 

The element was shown to be existing 
by Pierre Curie, Ivlaric Curie and C. 
Bemont in 1898. Ivimc Curie isolated 
the pure salt of radium in 1902 and in 
1910 she, along with A. Dcbicrne succee¬ 
ded in producing radium metal. 

Whal is a radium dial ? 

Watches, clocks and metres that have 
dials to be read in. the dark arc treated 
with a luminescent paint made from 
zinc sulphide in which is incoiporated 
a very small concentration of a radium 
salt. 
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IVliat is tadon ? 

AVhcii uranium-23B decays to lead- 
206 ail intermccliate product in the fciim. 
of fonricd and tliis is called vadoj:i. 

It is liiglily pciic.tiatiii^ and has wished 


tlie prospector into thinking that it is 
actually coming from a ■uraniuin deposit, 
winch may he some distance away 
hui’Lccl deeply beneath the soil. 





PORTABI.E TIvI.KViSION R RCORIiER 
REGISTERS .SIGHT AND SCJUND 

AN casy-to-opcralc portable television 
recorder weighing only 75 1!^* (34 kilo¬ 
grammes) can register 96 minutes of 
sight and sound on tape for immediate 
or later reproduction. 

The comi^act machine, which can be 
set up and operated almost as easily as 
an ordinary voice recorder, is about the 
size of an ordinary suitcase. Together 
with the microphone and camera need¬ 
ed to make recordings, it fits easily in 
the rear scat of even the smallest cars. 

The machine, which makes a perma¬ 
nent record of television programmes, 
already is in use in schools, colleges, 
industrial firms and government agencies. 
Medical colleges are using it to record 
closed-circuit telecasts of surgical tech¬ 
niques in the operating room for later 
showing at classroom. sessions and 
medical group meetings. 

Industrial firms which monitor manu¬ 
facturing processes by television arc 
using the new machine to introduce new 
products and techniques to sales forces 
and dealers. Space vehicle lescar- 
chers and airplane designers use it to 
make permanent records of television 
pictures made in wind tunnels and of 
other laboratory tests. 

Only a small fraction of the size, weight 
and cost of studio-type television recor¬ 
ders, the fully transistorized model was 
designed and is manufactured by tlie 
Precision Instrument Company of Palo 
Alto, California, 


Tlie casy-to-thread tape moves around 
two recording heads one for sight and 
one for sound at a relatively slow rale 
of 7i inches (19 centimetres) per second, 
thus reducing usage of tape by 25 per 
cent or more compared to the larger TV 
rccordei^. The tape may be played 
back immediately after recording or 
years later. It can be used 100 times or 
more and can be erased for reuse if 
desired. 

By the courtesy of U.K I..S. NevvXJHlu. 

EI.ECrmONS KEEP SAUSAGES KRKSII 

Pork sausages that have been exposed 
to a beam of eleetroius out of contact 
with air, tbct\ stored at 1'■'Cl in an air- 
free environment, are likely to stay 
fresh for nine weeks - three tf) four times 
as long as unirradiated sausages stored 
in the same way. And their taste and 
smell remain practically unchanged. 
These are the main conclusions reached 
by B. Colcby and three of his colleagues 
after 2 years of work at the low tempe¬ 
rature Research Station, Cambridge. 
From their work it is clear that low irra¬ 
diation can provide freedom, during 
distribution and could be of value to 
the housewife, provided a packaging 
material can be found that will kcci? 
out air and moisture (the hitter causes 
loss of bloom). 

Vrora. J^ew Sci«nlis\ 17(32) ; 4007 February 21, 19G3) 

CHANGING VICTORIA’S LEAVING 
CBRTIFIGAl'E 

From 1964 the Schools Leaving Certi¬ 
ficate in the Australian State of Victoria 
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will be a ■suljject certificate and not a 
group certificate. Students sitting fcjr 
I^caving CJcrtilicate examinations will 
receive certificates crreditiiig tlicm witK 
tlie .subject in wliicli they bavc passed. 
Until now' tbey have received a cciti/icate 
only ir they have passed in at least four 
subjects including I'inghsh, a ‘liumanity* 
and a branch of inathcinatics ot science. 
'^XV) matriculate into a liniver.sity, students 
will still be rcqvi’.rcd to pass in five subjects 
with group rcquiicmcnts. 'Increasing 
numbers of boys and girls arc staying at 
school beyond the Intermediate Clcrtl- 
ficatc Ycai*, tlic chairmaii of the Scliools 
Board, Professor W.I-I. Frederick said. 
‘For many of these the task of meeting 
presetit r€*quircments at the present 
examinations is loo great. The prospect 
of receiving credit on a certificate for 
any .subject pa.sscd will be an cncoiiiage- 
ment and a satisfaction-’ 

By courtcjty. The Avistraliau High Commijuion, 

New I.>clhi. 

NBW CHEMICAI- DKVELOPEU TO COMBAT 
IJISXiASli 

British scientists who have been study¬ 
ing bilharziasis"—one of the major 
parasitic disea,ses—have developed 
chemicals which they believe will make 
a real contribution towards combating 
the disease. 

At the Woodstock Agricultural 
Research Centre of Shell Research Ltd., 
in Kent, southern. Eiiglaiad, scientists 
have spent several years breeding and 
studying some of the species of snails 
which arc involved in the transmission 
of the disease, which afllicts an estimated 
150,000,000 people in Asia, Africa, the 
Caribbean, South America, and the 
E-astern Mediterranean. 

Samples of chemicals found by Shell 
scientists which will kill the snails while 


leaving nearly unharmed other forms 
of animal and plant hfe are now being 
tested by health experts in 11 countries 
from Africa to Japan. 

‘Preliminaiy reports from. some of 
these tests indicate that Shell may be able 
to make a significant contribution to 
the control of snails, and hence to one of 
the most important parasitic diseases of 
the present time’, reports Shell Inter¬ 
national Petroleum Co. Ltd , in London, 
liy courtesy . The British Information Services, 

New Dellii. 

HOOK-WORM DISEASES FACE ERADICA¬ 
TION BY NEW COMPOUND 

Diseases caused by hookworm, trans¬ 
mitted by dogs to humans, face possible 
eradication through a new compound 
Called Disoi:>hcnol. Still a major 

health i^roblem in many parts of the 
world, diseases resulting from blood 
contamination by hookworms can result 
in. anaemia, emaciation, serious intestinal 
disorders and even death. 

Xlic new compound has an advantage 
over present treatment methods because 
it is injected into the dog.s rather than 
fed to them and it i equircs no special 
preparation, of the animal before treat¬ 
ment. Aninoals fed with medicines often, 
subject handlers to bitea and also require 
that the worm-ridden animals be purged 
or kept from, food for a certain, period to 
make the medicine effective. 

The drug is reported to be effective 
against three maior species of canine 
hookworms and has no toxic side-effects 
on dogs. 

BLOOD GETS HO'l’TEST IN BRAIN AND 
LIVER 

The next person who calls someone 
hot-headed may have science on his side. 
A University of Wisconsin medical 
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researcher has found tluit tin- hot lest 
blood in a Viuman body emnrs from thr 
brain and liver. 'l‘hc nic*a«5ui cinents 
were made with a liny tcm[^er€tliirc- 
sensilLve instrument. 

The study also overthrew a common 
assumption that blood is cooled as it 
passes through the lungs. Although 
blood vessels in the lung bring hlocjcl 
close to the exterior air, its temperature 
docs not change. 

In repoiting that blood is hottest wlieii 
leaving the brain and liver, the Wiscon¬ 
sin researcher explained that these organs 
have high metabolic activitily. 'I'his 
means they are busily engaged in the 
life processes which pertain directly or 
indirectly to the breaking down of food 
to obtain, energy and to Uie constant 
replacing of worn-out cells. In other 
words, these organs get hot from haict 
work just as a person or machine doe.s. 

MAN’S BRAIN HAS STOBI’EQ OROWING 
IN SIZE, SAVS SCIENTIST 

Mian’s brain appears not to have in¬ 
creased in size since Neanderthal times 
about 100,000 years ago, says Professor 
Ernst Mayr, Harvard University evolu¬ 
tionist, in a monumental report, ‘Animal 
Species and Evolution’ 

A three-to-four fold increase in the size 
of main’s brain was the most important 
development during the two million year 
of man’s evolution from man-like apes, says 
Prof. Mayr. That development under¬ 
lies man’s most unicj[uely human quali¬ 
ties : the widespread invention of tools, 
speech and writing, abstract thinking, 
social organization and the creation and 
transmission of culture. 

Professor Mayr theorizes that what 
favoured the growth in brain size was 
the need for articulate communication. 


or .sprrc'h, and the lari that survival 
dcpeiidetl nirifasiiigly on lir>\v well paicnts 
oaicd r<»r the young. 

By ccmtlrsy J Tl»t! I’liilfd .Stairs Inrnrmatit>n 
f?ci V irr. 

NOBEI. 1‘RlZi-: FflR MKJ>lC:iXK ~inG3. 

The 1053 Xoiiel Pri/.t- for rnetlit ine 
was avvarclrd to tin or .srienti.st.s. T’hc 

Uh2tU) prize was i>rtsfnlfd to two 
British profcssor.s, Alan I^loycl Ilrxlgkin 
and Andrew Fiehliug Huxley, ancl to 
Sir John CJaiew of Australia., by King 
(JuRtav Atlolf of Sw'edcn In Stockholm 
on licccmbcr It). 

The three nicu share the mcclieiiic prize 
for their dcscovcrics ‘concerning the ionic 
mechanisms involved in excitation and 
inhibition in the peripheral and central 
portions of the. nci*ve cell membrane’, 
described by the CJarollnt* Iiistittilc of 
.Stockholm as .i inobleni which lias 
baiintcil ])bysioIogy lor 100 yeans. 

Prof. Hodgkin. 49. is Royal Srjcicty 
research profc.s.sor in physiology at 
Cambridge, where be is a h'e.llow of 
Trinity College. He is alsc> a Kcilow' of 
the R-oyal Society, ft mernher of the 
Biilish Medical Research Council, and 
a Royal Society medallist. 

Prof. Huxley, who %vill l>c 46 next 
month, is Jodrcll Professor of I*liysiology 
at University College, Uonclon. I>ike 
Prof, I-Iodgkin, he is a Fellow of the 
Royal Society, and a ftumcr Fellow (1941- 
CO) of Trinity Colleger, Cambridge. He 
lias lectured on neuro-physifjlogy in 
Ru.ssia. 

According to the Claroline Institute, 
Sir John Kcclcs has carried out work 
which interlocked with that of Professors 
Hodgkin and Huxley in that it made 
important contributions to the problems 
of ion transfer across the cell membrane. 





A spoko^imaii of llic BrLtisli IVtcdical 
Research Ck)uncil sviicl : 'Prcjf, I-InrlRkin 
anti ProT. Ilrtxl<*y have been carrying out 
cxtejislvc investigations cjf the functions 
of the nervous -system. 

‘They have l)c.t*n trying to sujiply 
more knowledge, about how nerve cells 
work. The inoic \vc ktvow about this 
sulyectj the better pasitifjn we wtU be 
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in for treating diseases and disturbances 
connected with the nervous system.’ 

Last year, the Nobel medicine prize 
was .shared by Dr. Francis Crick and Dr. 
Ivlauricc Wilkins, both of Britain, and 
Dr. James "Watson, of the United States, 
fot their work on heredity. 

By courtesy; Biltisli InformaLion Services, 

New Delhi, 



New Trends 
in Science Education 


Summer Institutes Programmes 


Programme foT 1Q04 

Following tl^e success of the Summer 
Institutes of 1963, the National Oouncil 
of Educational ‘Research, and Training, 
the University Grants Commission, and 
the United States Agency for International 
Development propose to hold jointly 16 
Summer Institutes in 1964, four in. each 
of the subjects, viz,. Physics, Chemistry, 
Biology and Mathematics, Tire increas¬ 
ed number of Institutes will afRiid 
opportunities for a larger nurnljcr of 
teachers getting trained in tire. new 
methods, thus paving the way for still 
larger numbers in the year to follow. 
The venues and dates for these Institutes 
will be decided shortly. 

Programme in Ahmedabad 

Shri G.R. Pathak, Principal, Swastik 
High School, Ahmedabad, has been 
active in promoting the new programmes 
in science education in Ahmedabad. Pie 
arranged and coordinated a meeting of 
the I-Ieadmasters Association of Ahme¬ 
dabad and of the Science Consultants 
from Gujarat State in Ahmedabad 
during the period SeiDtcmber 8 to 12. 
During this time, several presentations 
were made regarding the new program¬ 
mes to these gioups and also to imiver- 
sity groups, new programmes were 
described and many of the new Xilms 
shown in connection with these meetings 
to university faculty and students. At 


the same tim#*, there ^va‘? a meeting of 
the Science CUub Sponsors from four 
states in Ahmedabad, <*oiicluctecl by the 
Depaitment or Sriciiec Education of the 
NIK and these yirogramnics weic also 
presented at that meeting. Both Dr. and 
Mrs. N. E. Bingham were guests at these 
seminars. 

Under the direction of a eommUiec 
consisting of Dr. Vikrani A. Saralihai, 
Phy.sifist and Dijt‘ctr»r f>f the Physical 
Science I.alioralory, Dr. K.B. Shall, 
Physic isl, Physical Science l..aIjoratory, 
and Shii CI.R. Palhak, lh*iricipal of 
Swsislik Pligh School, an organization 
called the Improvement of Science 
Education Orouji has been formed. This 
group holds meetings for teachers every 
fortnight in which portions of the new 
programmes for teaching science are 
presented. Ivliss Vasu R. Parckh and 
Shri N. Sutaria, both of 'whom, were in 
the Biology Institute in Madras last 
summer, also participated in these 
meetings. 

In addition, this Improvement of 
Science Education Group holds Saturday 
morning meetings for highly selected 
secondary se.hool students in which they 
are doing experiments of and studying 
the new PSSG Physics programme. 

Dr. "ViUram A, Sarabhai, further 
writes, ‘We have now reached a stage 
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whom tliis PSSCi riiatc’tial run. hi;- visotl 
in. a .sNstcmatlo. maiincT !»y trarhcns and 
stnclnits. V<»n >\ill he wlacl to Irarn. 
that at tlir last r»f the: Kciarcl of 

SUidirs c)X‘ Physic s of the Cinjarat 'CJiiivor- 
sity, the* acloptifjri of this aijproarK and 
the: use: of the* material was fotitiiilly 
approv’^c'cl*’ 

lie- also wishes that steps sUcniUt fjc 
takcit tr» c-xj>lorc' |ti orlnetioiL of the. 1*SSCJ 
films here in Incli'.r witli the: ielea 
that If this c ovtld he done, then these, 
films would he aviulal»le for* use in 
Gvipirat fhiivi'isity sind either Univer¬ 
sities whieli may follow the lead of 
Gujarat University in this rc’^spect. 

Under the Icadenship of Dv, P.G. 
Vaidya, Ih’ofrssov of Ntathemaiics at 
OujaraL University, a ^(rcinp of hatchers 
has heeii or^^ani^.ed to study the new 
Mathemat ies pioj 2 rrriinme. Shri O.A. 
l')alal, wh<» Wits a iiiemhei' of the ZVfathc- 
malU'H Institute, is assoeiatod with these 
nice lings, 

Science Alasiers Assocuilto/i Andhra 

Pi adexh, 

Shri V.V. Ratnam, Associate Presi- 
dent. State. '^I'oachors Union, Oovern.- 
meiit lelultiijurpose High School, Ivlah- 
lioobnagar (Andhra Pradesh) has 
suiimilLcd a copy of a Science Ivtasters 
Association. Schcrrii:, which he is oigani- 
zing in Andhra Pradesh as part of the 
State Xcachers Union. In this proposal 
for the organisation of the Science 
Masters Association, he gives a clear 
picture of the Physical Science Study 
CHoinmLttce course iu Physics. 

pits prospectus for the new Science 
Ivlastei's Assfieiation is organized under 
the following headings: (1) 'The Scienti- 
lic Revolution; f2) The Teaching of 


Science; (3) The Objectives of Teaching 
Sricncc; (d) Problems before us; (5) 
Plans of the Government; (6) Physical 
Science Study Committee and its Phy¬ 
sics Course; (7) The new programmes in 
Physics, Ohernistry, Biology and Mathe¬ 
matics developed in the United States; 
(tt) American Scheme in India; (9) 
Scieticte Mastets Association, State 
^IVaclicrs Union, Andhra Pradesh : 

(a) Aims 

(b) Procedures to be adopted 

(c) IVicmbcrships 

(d) Eligibility of IVCembership 

(e) Its Functions 

(f) Ooiistitution, Samiti or Sector 

(g) Parishad 

(h) State 

(i) Functions of Samiti, Parishad and 
C!Jcnlrc 

(j) distribution of Finances 

In this way, Shri Ratnam is developing 
interest in the new programmes in science 
throughout Andhra Pradesh. 

CMEM: Study 

Shri IC. Venkataramiah, Science 
Teacher at Sri Siddaganga High School, 
Xumkur, Mysore State writes : 

*I have succeeded m introducing the 
first six. chapters of GI-IElVl Study to my 
students. I have also integrated the 
chapters on rates of reactions, equilibrium 
of reactions with the normal contents of 
the syllabus in chemistry that I have to 
do. 

*3More than that, I have been effectively 
using the experimental approach to 
science teaching. I have realised the 
wonderful value of making students under- 
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stand the processes of science throxi^lx 
their own active participation, in conduc¬ 
ting experiments, devising improvised 
apparatus, drawing charts, making 
models and such other science activities. 

*I have been seeking the cooperation 
of my science colleagues in bringing about 


the revolution in science tcacliing at least 
in my school. I am happy to tell you 
that science learning and teaching have 
become very delightful in my schooP. 

Shri IC. 'Vcnkatarainiah was a partici¬ 
pant in the Summer Institute in Cihemis- 
try at Poona, held in 1963. 
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3. Ksxays in Science 

C<3Uec:tu>ii of e.ssays writtcni by the 

paiticipaiat-s in. thoii Kssay 'I’cst. 

A detailed scheme has been worked 
out for the implementation of the scheme 
all over the country and necessary steps 
have been, taken towai'ds the same. It 
is envisaged to have, the cjtaminatioix 
cenLi’cs f jr tlic Science 'I'alcJit Search at 
each district headquarters of each State 
in the country. 

The application, forms will be available 
from, the IDistrict Tmpector of Schools, or 
the District Educational Olliccrs or a 
parallel authority. 

Those students who are in the final year 
of a I'ligher Secondary IvIuUipurposc 
Schools, P.TJ.C., Sentor Cambridge and 
first year of InteiTncdiatc (XII year 
course) will be eligible to appear in the 
examination provided they have obtained 
at least 55 per cent maiks in science 
subjects at the annual examination of 
the preceeding class. 

The examination for 1964 will be held 
on a Sunday in the month of February 
1964 and there will be two written papers, 
one of science aptitude test, and the other 
an. essay paper. A project report will 
be written by each contestant and on the 
basis of the theory marks obtained by the 
contestants, they will be interviewed at 
suitable centres in India The top 350 
candidates will be selected for the award 
of scholarships and/or certificates of merit. 
The chief conditions will be; (1) the 
student must have joined a course in 
basic sciences for thice years leading 
towards a B Sc. degree, and (2) should 
not avail of any other scholarship. The 
next 200 in the order of merit will be 
considered for the award of only certifi¬ 
cates of merit. 

A detailed brochure has been prepared 


which will .give sufTLcicnt information 
regarding 19f54 .Science Talent Search. 

EXUnUTION OF KOXIiNCI-: nOOK.S 

An exhibition of science bcioks received 
from the Asia I'oiiiidatioii was organlx:ed 
at Ahmcclabad fi om .Sirptember fi-12, 
along vvitU the Zcmul W’oikshop of 
Science CJIliIj Simnscrs jit il\e A.CJ. 'I’ca- 
chers Clcjllege. Sliri J.l*. >Jaik of the 
iVlinistry of Education, inaugui.vtcd the 
exhibition, and a large number c»f stu¬ 
dents and teacher.s fiv>m the tmvn and 
the neighbouring places visited the sutne. 

TEXTBOOK VANI'/ES 

Physics Textbook Panel 

The fourth meeting of the Panel was 
held fiom August 12 to 17, and the fifth 
meeting fj oiii October 23-29, 1963. 

Ne«irly 30 chai>tci‘s out c»f .02 liFive been 
wrilteii a\nd iliese wcic discussed. T'lie rest 
of the chapters are exjierted to be written 
by the end of December 19(53, and the 
entire draft of the text matter will be 
finally discu.ssed <it the naeeling to be 
held iti January 19G4. 

A prc.-publicatlcjn booklet, on the 
textbook to be published has been pre¬ 
pared. 

Ohemisi\y Textbook Panel 

The Chemistry Text-book Panel met on 
August 3 aud 4-, 1963 and again from 

October 21 to 26, 1963. For the, last meet¬ 
ing of the Panel, four exi>crienccd secon¬ 
dary scltool teachers were a.ssociatc*d £is 
special invitees to give the Panel members 
an idea of the reaction of practising tea¬ 
chers in. the field to the work that is in 
progress. 

The syllabus on which the textbook is 
being written has been finalized after 
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thorouj^h. discussion. oT tKe details. A. 
Tew sample cliaptcrs wei e I’cacl in. tHc last 
mcjcLin^ liy vjirious axxtlioi* ineml^crs of 
tlic* I^ctiicl Jicid. tlie rntimisci ip L was discuss¬ 
ed ill detail w'itli a view to improve tlie 
pi'csent draft and also to form a l:>asis for 
the wiitiri^ of future chapters. It was 
als<i derided to complete the first diafts 
of all the cliEipteis hy Uccemlier, 10G3. 

liiolo^y "ITcxlbook Panel 

As already reported the matter for all 
the G3 chapters have Ijeen written and 
most of these have been finalised. The 
remaining few are being finalised. The 
local members of the Panel ai'c working 
on their chapters whenever they can spare 
the time. Two mcmbeis from Banaras 
were in. Delhi from October 23 to Novem¬ 
ber 3, 1903 and worked on the chaplcis 


allotted, to them The chapters that 
have been finalised, are being edited. 

The manuscript of the pre-publication 
booklet IS I'cady for the press. This 
booklet explains the need and scope of 
a comprehensive textbook suitable for 
tile I-Iighcr Secondary Schools of the 
country. It also includes a chapter from, 
the book. Another chapter for advance 
publication, is ready and when published 
will be cii'culatcd among biology teach¬ 
ers Co elicit their opinion. 

A meeting of the Panel was held on 
Novembei 3, 1963 when details of the 

publication of the prc-publication book¬ 
let were discussed. The members expres¬ 
sed their opinion about the format, 
layout, the paper to be used and the tllus- 
tiations to be used. Their decisions have 
been, conveyed to the Council. 
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Physics: Fotmda-tlons and Frontiers. CJamow, CircmoK and Clt.i-.vrvi.ANW, 

JotiN M. Prenticc-Hall of India (Private) Limited, New l^cllii . 19G3. K.s. G .00 : 

pp XVlII + 551. 

This is a reprint of the book published by Prenticc-Hall International^ Inc. 

Englewood GlifTs, N.J., in 19G1. 

The main object of the authors in writing the present text is to explain the 
foimdations of classical physics as developed by Cialilco, Newton, Faraday and 
others and at the same time to make the student acquainted wdlli the newer develop¬ 
ments beginning with, the discovery of X-rays, radioactivity and the electron, and the 
formulation of the quantum theory and the theory of I'clativity. 

Calculus has not been used in the book and, therefore, the ccpiation for uni¬ 
formly accelerated linear motion d=Vot-4-i at* (p. 39) or the equation for uinformly 
accelerated angular motion have bccni derived fitmi the .simple 

consideration of average velocity. But at the same the Ixukk discusses not only the 
special theory of relativity but also the general tlicory of relativity and iiuiny topics 
in modern physics like the uncertainty principle, the aniiiaioion, the. antineulron, the 
neutrino, the bubble chambcc pi and mu mesons and other clemeniary particles and 
many other topics. 

The book incKidcs a large number of interesting and ihovJght provoking illu.s- 
trations some of which in the chax>tcr on the special theory of relativity have been 
based on those in Gamow’s popular book Air, 'Totupkins in 'Wonderland, 

The authors have been able to include a large n^imbcr of ai5i’)licnik>ns of 
classical physical principles in everyday life as well as many modern apx’)lications like 
the electron microscope, radar, electronic comx>uters, the determination of age by 
radioactive methods, etc. 

The authors have not defined the fundamental units in a systematic way. 
The second is defined by the statement (p.6), ‘A day is divided into 24 hours, and 
each hour is subdivided into 60 minutes, with each minute further divided into 60 
seconds’. No attempt has been made Co link the second with the mean solar day or 
the year 1900. Similarly the metre has not been equaled with the numljcr of wave 
lengths of krypton and the ampere has been defined as, *onc ampere is a current of 
one coulomb per second’. 

It is surprising that the same figures (2.14) and (l)fi.w5) appear again as figures 
(5.7) and (19.5) respectively. Also advantage of reprint has not been taken to 
make the list of elements on page 355 up to date. 

The book has been written in a very interesting style. It should be useful not 
only to students but also to the teachers in clarifying many of the physical conceptions. 
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Ordinary Level Fbysics. Abott A.F. I-Ieinemam, London: Allied Publishers- 

Bombay : 1963, pp- xxiv 4-665. 

Xhe book is intended to be used as a textbook by the students studying up to the 
Ordinary Level of the General Gei tificate of Education. In addition to the usual 
topics included in older books, it gives a fair account of the atomic concept of matter. 
It also include.^ a large number of line diagrams and halftone illustrations. The half¬ 
tone illustrations include many useful topics such as the graphite core of the nuclear 
reactor at Berkeley, the 2Scta at Harwell, the proton synchrotron at GERN, the Atlas 
Rocket, the refrigration hold of a caigo vessel and the current balance at the National 
Phy.sical Laboratory, 

It gives a good description of many of the applications, of the Physical principles 
in every day life. This has necessitated the omission of some topics which are usually 
found in Indian books meant for this class of students. For instance, it does not 
describe the ice calorimeter, the steam calorimeter, steam engine, the internal combus¬ 
tion engine, and the renectang telescope. But this has been compensated for by many 
modem applications such as the jet engine, gas cooled nuclear reactor, magnetic 
separator, motor car coil ignition system, and the Van de Graff particle accelerator, 
etc. 

Xhc book takes the jDvlK.S system of units as the basic units and gives the modern 
definition, of the metic and the ampere. But the second is still defined as L/86,400 
fraction of a mean solar day. Also the book docs use the concept of vectors although 
vector and scalar quantities have been defined. In dealing with numerical examples 
on. mirrors and lenses both the sign comentions (the new cartesian connection and the 
real is positive connection) recommended by the physical society have been given 
without discussing their relative merits. It would have been more desirable to have 
given only one sign comention. 

At the end of each chapter a large number of questions have been given which 
enhances the value of the book. 

R N.RAX 

An AppYoacb tro Natural Science. Bremaot D.H. ct al^ MIetliuen & Co. 

Ltd., London. W-G. 2 : 1960. pp. 264. 

Science can no longer be taught as a mere collection of established facts to be 
remembered and reproduced at the examinations. School science should be shown 
to be a living body of knowledge. It should be presented in such a manner that the 
pupil is led easily from the particular to the general truth and encouraged to apply 
what he has learned by making further investigations. Pupils have to be helped to 
understand something of what scientists do and why they do it. Their interest in 
science should be stimulated for its own sake. These are some of the modern views of 
teaching science and these are kept as ideals by the authors (five in number) of this 
book. 

Xlie chapters in this book include all topics usually found in an introductory 
course in biology, chemistry and physics Details and references are given to enable 
teachers to deal with those aspects which may not be their speciality. Emphasis is 
laid on developing a correct approach to science through individual work of all kinds 
both in the laboratory and in the library. 
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matin' in CUi.iptn s 1-0 is sujt?p;rslr>cl For ihn first year roursr, Aftt'r Tntro- 
cliirticm m Chapter I, the otlins clnal -with, C^tir Solar System, Air, AVater, IMakiiip^ 
JsrIoivsurcMTvents, and Heat. In every chapter there, is an atlnriYit to present a continu¬ 
ous course rather than one willi biology, chemistry and i^hysies &cparately. 

Chapter 7 to 13 arc rccoinmciidcd for the .second year course. CJIiapter 7 is 
on Food, and deals willi the structure and function of plant parts, photosyntlie.sis, 
properties of light, hardness of water, CIO, c>ele arid almrarnal nutrition of plants. 
It will be seen how topics of diHercnt disciplines arc introduced in an integrated manner. 
The other chapters deal with, ,Salts, acids and bases. Soil; Changes of SLaLe; >?uLritloni 
Life histories (of buttcir-cup, cabljagc-while. butterfly, and the frog); and rooidinaUon 
in animals (sense organs and nervous system). Chapters 14-15 arc meant as intioduc- 
tion to the third year specialist course in. physics and chCTnlstry. \\dtilc Chapter 14 
is on Electricity, Chapter 15 is concerning the Nature of Iviattc-r. ’’I'his cViaplcr 
includes information on living and non-living chemicals. 

Each chapter has a summary, and a list of books to read. Other useful infor¬ 
mation IS given in several appendices. There is a very useful \)iliHography at the end, 
chapter by chapter as well as general references. This book will be useful to both 
the teacher and the student. 

The GairdLen la the Plains. Hauuer Agnes W. 4th ed. Oxfrord University Prossj 

London: pp. xvi-j-^OO. 

This book on gardening is intended for the bcgiuiKiis trlio will find the matter 
very useful in laying out a small gardc.ir in tlicii hoine'i or ;vt the school. '^i'hc hook 
is not elementary nor is it very advanced. The book is in six pai ls. Part I is the 
Garden in general; Part II Gardening Operations; Part ITT 'IVcc.s, shrubs and 
permanent garden features. Part IV Flowers; Part V Vegetables and fruits; 
Part VI Islisccliancous. 

The first two parts contain a good deal of infVjrmalion on laying out a garden, 
management of the soil, manures, fertilir.ci's, methods of propagation and about pests 
and diseases. The next three parts deal with plants that ai'C commonly grown in any 
garden. These include trees, shrubs, other features like hedges, rockci'ics, grasses and 
lawn, annuals, flowering plants, and vcgctaXjlcs and fruits. 'I’he cliffercnt varieties 
are desevibed and special instructions are given tmder some groups like, roses, 
chrysanthemums, etc. 

This book will be very useful to the students and the teacher who wish to start 
a school garden or a kitchen garden as one of their club activities; particularly the 
part dealing with vegetables and fruits. The last jaurt under the title Ivliscellancous 
has useful information on some recipes and suggestions for flower arrangement. '’I'lierc 
is also a section on garden implements and a garden calendar. 

;\Cicx‘0-oirganisxias as Allies. The Industrial use of Fungi and Bacteria, IDuoniMOTOM 
G.L. Faber and Faber, London* 1961, pp. 256, 25s. 

Fermentation is an old process which man has used since the dawn of history 
to make wine and bread. The discovery of penicillin and other antibiotic.s has 
resulted in the rapid developments in the field of industrial microbiology. This is an 
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important brant'h of industry which, in its various phases, is now affecting our Kves 
at every tuin. 

jMicro-orffanixtns as Allies piovidc.s a general account, for the layman as well 
MS tf) tx stutloiit (jf hioif>gy, of the modem developments in. this exciting field. 

CHuipter 1 dc*sc‘i il)c*s vaih)u.s microf>iganisms which arc used, hy man in preparing 
rniiJty tjsfliil i'>rt>rliicts- I^or the brewing of* brer and the inalcing of wine and bread, 
yc^iist is used «ind tins is d<*&cribcd in the next four chapters Xhc versatility of yeast, 
bc'siclrs its utility in the inakiug of bread, beer and wine is described in the last of these 
four rhaplcrs. frcjin the yeasts wc get industrial alcohol, vilaTnms, fodder for animals 
and Ht a pincli I’otid for innu. In tlic next two chapters the moulds in antibiotics ai:id 
iricliistry arc tlcseribccl, 

Xlie stc>ry of penicillin is very well described giving a wealth of details of its mass 
mamifactui c. 'I’lic remaining chapters describe useful bacteria as our smallest allies, 
the factory-living bacteria and other bacteria used for man’s good. IIow bacteria 
arc used ni making cheese and otlier dairy products, saueikiaut, pickles, silage, llax 
icttiiig tire soincj of those described. VVmong the nitrogen fixers are bacteria and the 
l.ilue-gicen algae of the iice fields. Xhc last chapter looks forward to many more uses 
of these lililo orgaiiisins to make man’s life more comfortable. Some of these are the 
use of gilibcrcllio acid in agriculture and horticultuic, and the production of methane 
from clung and the use of this as a scnttcc of power £br lighting and other uses on the 
fsu-m. Some of the otlior dreants of the industrial microbiologist arc the production of 
sulphviric arid fi om waste sulphide' residues thi'oagh the agency of sulphur bacteria 
and the xiossibility of obtaining heavy hydrogen with the aid of bacteria. 

S. nORAlSWAMI 

Gu.idelin.es £ov Development of pBrogramiues in Science Inst-ruction. 

National Academy of Sciences and National K.csearch Gouncil. XJ.S.A. 

Wfishington 1J>.G, 1963. Publication No. 1093. pp. viiid-68 

Xhis pamphlet deals with the report of a study conducted by the National 
Academy of Science in collaboration with the National Research Gouncil, "Washington, 
in seven countiies of south and south-east Asia and deals primarily with the teaching 
function of the laboratory in secondary school science programmes. Xhe main 
recommendation of the report is to have science courses based on experiments and to 
have textbooks dependent upon and integi'atcd with laboratory experiments. As 
this 1 ccominondation is diametrically opposite to what is believed and followed in 
live sccciiidaiy schools and colleges inlndia, the pamphlet should interest every science 
teacher and educator in this country. 

'i’lic pamiililct deals with science education and the role of the laboratory, its 
raLionaic, purpevse and implications, and makes useful suggestions regarding the 
content and structure of laboratory work, apparatus and materials, buildings and 
sci'vicc.s anti lastly the preparation of the science teacher. 

V.M. WANCHOO 

Xea.cKiug Science in. Xoday’s Secondary Schools. Thurber and Goldett. AUyn 
and Bacon, 1961. 

This is an excellent and up-to-date text on method.s of teaching science. It 
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introciuc’fs tliK ii:iexpci’iencc.cl teacher to the basic principles of learning in Chapter 2 
and 3. 'X'he special techniques of teaching science is very well developed in Part II 
of the book ^Chapters 5 to 11) through laboratory exercises, clcnaonstratioiis, excursions^ 
field trips, audio-visual materials and tests. Later on, emphasis has been laid on the 
activity approach to lesson planning and how to organize materials for unit planning 
for general and special purposes. 

Chapters (11 and 16) dealing with types of objective tesLs, construction of such 
tests, setting and maintaining standards and grading will be uacfiil to tVic prospective 
teacher in view of the increasing emphasis that is now being laid on objective aiwiessmcnt 
and evaluation in our secondary schools, 

Xhe objectives of science teaching, its correlation with the goals of general 
education have been clearly dealt iti Chapters 1 and 12. A significant feature is the 
emphasis given on close co-ordination, with mathciTxatlcs and languages in the science 
programme (Chapters 18 to 20). 

TThc guidance given in organizing co-curricular actisdtlcs through Science 
Projects, Science Clubs and Science 'Fairs in schools (Chapter 21 to 23) will prove 
very helpful and informative to the experienced teacher. 

Constructive suggestions for setting up and equipping the laboratory as well as 
for improving the existing situations are useful both for the new and the experienced 
teachers. 

K. SANYAL 

Gbemistry Creates A New World. Jaffixb BnaNAnn, Revised edition. Pyramid 
Books, Pyramid Publications, Inc., New York: 1957, 75 c. pp. 256 (pajjcr 
back edi tion). 

This book gives an interesting account of the multiplicity of chemical marvels 
in the fields of agriculture, medicine and public health, industry, transportation and 
warfare. Written in simple language the topics under discussion arc brought within 
the comprehension of the layman. The development of the many ‘wonder drugs* 
synthetic fibres like nylon and dacron, synthetic petrol, the new metals, in short the 
spectacular progress of chemistry in the service of man has been described delightfully 
well in about 200 pages. ‘Xhc cultured man of today can no more ignore science 
than the cultured man of the Middle Ages could ignore the Christian. Church or the 
feudal system*, says Seaborg in his introduction. And it is books of this nature which 
bring knowledge to people in an assimilable form, 

Peng^uin. Science Survey—1963 

A. Garratt Aoi'hob. (cd.) Penguin Books Ltd., IvILddlcsex, 1963, sh. 7'G. 
pp. 224, 16 pi. 

B- Barnett S,A. and Mcbarek Anne, (ed.) Penguin Books Ltd., Middlesex 
1963. sh. 7'6. pp. 242, 9pl. 42 figs. 

Part A contains articles on astronomy, cosmology, space research physics, 
chemistry, mathematics and education. The aim of this book is to acquaint the 
lay reader as well as the professional scientist who wishes to keep abreast of develop¬ 
ments infields other than his own. Such an effort is indeed laudable because it helps 
the readers to extend their visions to the expanding frontiers of science. 



BOOKS I?OB. TfOlJH. SCiraqCE LIBUAkY 


4H 


Tlic speed with which science is being translated into technological achievement 
is something remarkable. This is true in. chemistry as evidenced by the articles on 
synthetic fibres and the plastics and others. Of particular interest is the article on 
‘Science Teaching in 1962’ by Boulind, the Chairman of the Science and Education 
Committee of the Science M!asters* A.asociation. 

Part B contains articlc-s on biology, genetics, agriculture, medicine and zoology. 
This book makes available some of the biological facts aird ideas -which people need 
today. Under hlatters of Tife and IDcath are presented features on Radiation, Chroxno- 
somc*.s and liJisca.ses in Jvlan, World Health, contraception in its modern context, and 
Family Planning in I^.ast Asia. Following this are a few on culture of animal cells, 
cell surgery and JMew Eight on Tissue Transplantation. The last chapter is by J.B.S. 
Haldane on Life and IVtind as Physical Realities, 

I.C. MENON 

IVlicvolres at: Woflc, Skesam h-fiELiCENt* E. Williain Morrow &, Company, 

Mew York; 1953. pp. 95. 

Microbes, the tiny living things are found cverywlieie and are intimately 
associated with man’s life, afTccting it in many ways. The common man is quite 
familiar in his clay-to-day life with thes results of the activity of microbes without 
himsoir knowing how they arc caused. In this fascinating little book the multifarious 
common activities of the microbes, with reference to our food stuffs in particulai, are 
dealt with in a very popular way. 

In the first chapter, we arc introduced to the three types of microbes, viz., bactciia, 
moulds and yeasts, their structure, mode of life, culture methods, etc. 

In the second chapter the role of mici'obes in spoiling our food stufls, the various 
factors that encourage these undesirable microbes to grow and the application of 
these findings in refrigeration, canning, salting and drying to keep down their flora 
in food stulTs are discussed. 

The third chaiJter deals with the beneficial microbes that are responsible for the 
conversion of certain food stuffs to more tasty ones like curd to cheese, dough to bread, 
fruit juice to vinegar, cucumber to pickle, etc. 

The last chapter is devoted to the soil microbes that are responsible for making 
our soil fertile, helping our farm animals gjrow big, faster and above all for providing 
us the -wonder drugs like penicillin and streptomycin to fight against diseases. 

This book is enriched by plenty of illustrations. The style is direct and the 
language easy and simple. This is a -well written useful look that can be recommended 
for supplementary I'cading in science to broaden the interests of science among school 
children. 

G. RAJU 


SE1..BGT BIliLIOGK.APH.Y OF SOME SCIENCE BOOKS 
1. A Garden. Handbook for SoutH India* Peatt* A. J. & Rama Rao B.A. IVfacmillan 
&, Go. Madras: 1956, pp. 118. Rs. 2/25. 

The book gives suggestions for successful gardening baaed on practical experience. 
Includes cultivation of flowers, vegetables, trees and rock gardens. There is a useful 
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trardrnin^ ral<‘ndar. It is suiUiblc for serondary students, and foi t'lub activities^ if 
li^ardcuinfi; is a hobby, 

2—5. Explo*'ing Natvire Scries. IIyok Ct.K- and AR>.'C')r^i5 I.eocLs. 1962 

pp. 24 Rs. 2/40. each. 

The vvdiolc sciicit Rives very well ilUistratccl accounts of the hiUowing ; 

Book I Butterflies 

,, II Wild fruits 

,, III Wood land now-ex's 

,, IV Insects in the garden. 

The handicaps of these books arc that almost all specimens arc of British origin 
and the price i& prohibitive for Indian conditions. They arc hotvevor cxctdlent models 
of presentation for children, for authors of similai' books for young children wdih Indian 
specimens. 

6. The Air Arovmd Us. Joslin I.S., Alacmillan & Clio. London : 19G2 pp. 172, 

7s. 6d. 

Properties and composition of air arc discussed with suitalde well ilUiscraLed 
experiments. Suggestions for activities arc suitable for middle grades. 

7. Water in. the World.. Joslin I.S., L'Xacmillan &. Clo. l.oridon: 19G2. pp. 107, 

73, 6d. 

Sources, properties, compo.sition and uses of water arc dihcusscd. CJood 
description of principles of floatation, and water* supjjly arc given ^vith simple 
illustrations. Suggested activities are suitable for middle grades. 

8. Sciexxce Puzzlers. Gardnur IvE\R‘rm, TvTacmillan & Co, London 1963. 

10s. 6d. 

A selection of experiments on various brandies of Yihysics wliich arc instructive 
as well as entertaining. It is a very practical book which will interest the nniddle 
grades. 

9. Science Shapes Toxxi.crrow* Leach GiiR-At-D, Phoenix 3*Iousc, London : 1962. 

pp. 140. 

It is a very good source book of modern developments in science. The topics 
include atoms, atomic energy, radio astronomy, computing machines and inoclern 
aspects of biology like DNA and modern processes of food cultivation. It contains 
some good photographs and simple diagreuns. It is suitable for secondary level. 

10. The Boy Scientist, John le Wbleen, Phoenix blouse, London ; pp, 268, 105. 

A historical development of physics from Galileo to Einstein. Some difficult 
concepts of physics like graviation, laws of motion, Bernoulli’s principle, nature of 
light, sound, electricity and relativity arc dealt in a simple way with over 150 explana¬ 
tory diagrams. The continuous and revolutionary developments will spur a boy 
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to seek further knowledge. The last chapter emphasizes that science continues the 
search for an answer on a thnu-sand fronts. 

It is suiUihle for the ITighcr Secondary level and libraries. 

11. A History of Invention. Larsen, Kgon, Phonex Idousc London, 1961. 

pp, 382, 215. 

The Ijoak deals witli the history of science. The entire sphere of technical 

history is divided xii to three main sectors-Knergy, Transport tind Communications. 

The important trends tire followed with ]>iographical lights on many major inventions. 

Part I deals with wiiicl, water, cloctrieily, solar and atomic energy. 

Petrt IT deals witli various types of traiispoit, road, railways, ships and aeroi^lanes. 

Part III deals with cnmiminicaLions, pi*in.tin.g, telegraphs, telephone, radio, 
teleprinting, television and everyday clectionics. 

"I'he hook is compi'chcnsivc, informative and also entertaining. It can serve as 
a reference book for schools. There arc 68 i>hotographs and over a hundred diagrams 
which arc historical and explanatory. Suitable for higher students of secondary and 
junior college level. 

12. Every Hotxse a Home. Gocke-r, K.atmi.ebn IVI. J.lVl. Lent London. 1963 pp 88, 

6a. 

It is a book on hou.sc craft and home economics. Suitable for social studies of 
secondary schools also. The topics dealt arc the Viousc, the home, its construction, 
furniture and fittings, ways of heating and lighting, family at home, food and its 
nutrition, family in the framework of society, cost of living, national income, incometax, 
etc, 'Phe examples and illustrations arc British and hence unsuitable for Indian 
conditions. 

13. A^odearn >4arvels of Science. Krane Sir Richard (cd.) Phoenix Plouse 

London.! 1961. pp. 48, 10s. 6d. 

This well-illustrated book bring.s before the students, laymen and the scientist— 
who having specialised in his branch wants to keep abreast with a broad picture of 

what is being done in other spheres-an idea of the latest technological advances in 

science. An up-to-date account of remarkable machines which test, check and 
demostrate the ideas, researches and discoveries of the scientists is given in a popular 
way. The range includes chromatography, electronic computers, electron microscope, 
ultra-violet and infrared spectro-i>hotometers, X-ray crystallography, radio-active 
thickness gauge, zone refining, klischograph, polychromator, radar and radomes, 
piston and turbine engines, blast furnaces and rockets. 

The essays liavc attempted to bring the highly technical refinements of modern 
scientific development to the popular reader. The colour plates illustrating the 
macliincs are attractive and neatly labelled. It is a good reference book for library, 

18. How It Is Done Series. Ferguson G. G. IVTacmillian & Go., London, 
1958, Is. 4cl. pp. 16 each 

(1) I-Iow to Look after your Bicycle 

(2) How to use your sewing Machine 
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(3) I'low yovu* camera workn 

»'4) I-Iow c’Iof'k<i and watches work 

(.')) T-Iow oil lamps and cookers work. 

Xhis series dcscrilies tKe working oT some: common everyday articles and 
naachines. ‘The broad principle involved and the woiklnjt? are described in simple 
language. The fliagrams arc simple and self cxplanalrjiy'. 'I'hc liooks give useful 
hints for liandliiig and precautions for using the machinrs sind also practical tips for 
locating troubles. Tt is interestirtg £V»i- dir middle grgidcs. 

19. My Boole of tlic UnJ-verfle (Topic Books). Bro\vj<, Jojisr C Xlarmillian & 

Co., London ; 19053, pp, 64, 35. 

’I’he story of the myatcries of the nuiverse is givc'n in ;i .simple nairative style*. 
Au imaginary Lrij> to space narrates space travel and a general idea of the universe. 
There arc tiseful instructions on making a simple n.stronomical telescope, Ouiclancc 
is given with the help ofstar maps to locate dilTercnt stars and constellations in dififTerent 
seasons. At the end of each of the flair chapters is given ‘Tilings to do youraelfj* 
which will enable the children to pursue activities. Suitably illustrated, this is good 
reading material for the middle grades. 

H.1C. SA>3YAr. 




